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This study examined nonverbal memory in patients with intractable temporal lobe epilepsy (TLE) 
on a figural reproduction task, the Rey-Osterrieth Complex Figure (ROCF). The Boston 
Qualitative Scoring System (BQSS) was used to examine whether qualitative features of ROCF 
performance could discriminate between those with right and left TLE. As predicted, seizure 
groups did not differ on a standard quantitative scoring system for the ROCF. Contrary to 
prediction, the right TLE group did not perform more poorly on BQSS measures of quality or 
organization, and they did not have greater difficulty recalling the figure after a delay. There was a 
trend towards poorer performance by the right TLE group on 2 BQSS scales, those quantifying 
the presence or absence of elements of the figure. ROCF performance was more strongly 
correlated with measures of visuoperception than with additional measures of nonverbal memory. 
Thus, the BQSS does not appear to be assessing nonverbal memory, and the implications of the 
ROCF as a visuoperceptual task are discussed. 
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INTRODUCTION 
Daniel Schacter notes in his treatise on memory: There may be nothing more important to 
human beings than our ability to enshrine experience and recall it.  While philosophers and poets 
have elevated memory to an almost mystical level, psychologists have struggled to demystify it 
(1996; book jacket).  For those suffering with memory loss, the act of remembering becomes 
more than simply pulling bits of stored data out of our past.  Learning and memory are resilient, 
yet, at the same time quite vulnerable to the effects of neurological and psychological disease and 
trauma.  The current study focuses on the assessment of memory impairment in epilepsy patients, 
specifically, in individuals with seizures originating in the temporal lobes.   
Memory researchers identify and discuss many different categories of memory; the current 
study focused on one such category, nonverbal memory.  Whereas verbal memory involves the 
retention of language or sounds that have been spoken, thought, read, or heard, nonverbal 
memory involves the preservation of information that has been observed or presented visually.   
In epilepsy, learning and memory deficits are often material specific; individuals with left 
temporal lobe involvement tend to perform more poorly on verbal memory tasks, whereas those 
with primarily right temporal lobe seizures usually perform more poorly on nonverbal/visuospatial 
learning tasks (Milner, 1966).  The current study examined nonverbal memory in patients with 
intractable temporal lobe epilepsy on a figural reproduction task, the Rey-Osterrieth Complex 
Figure (ROCF; Osterrieth, 1944; Rey, 1941).  The ROCF is used by many neuropsychologists in 
both clinical and research settings, and is most often employed as a measure of 
visuoconstructional ability and visual memory.  The individual is asked to copy a complex 
geometric figure, and then, without prior warning, is asked to reproduce the figure he/she has just 
    
 2
copied.  The individual is again asked to reproduce the figure from memory after a delay (30 
minutes).   
Despite the widespread use of the ROCF and similar figural reproduction tests as 
measures of nonverbal memory, conflicting findings have been reported among persons with 
epilepsy.  To date, the ROCF has shown only limited value in the identification of nonverbal 
memory impairment in presurgical patients with right temporal lobe epileptic foci (Barr, 1997a; 
Barr et al., 1997b).  That is, the reproductions of individuals with right temporal lobe seizures, 
with dysfunction in cortical areas theorized to be vital to nonverbal memory function, have not 
been reliably discriminated from the reproductions of individuals with left temporal lobe seizures 
and intact right hemisphere functioning.  Critics argue that it is not that the measures themselves 
are insensitive to lateralizing differences (i.e. intact vs. deficient right temporal lobe function), but 
rather, that the standardized quantitative scoring systems fail to capture the qualitative aspects of 
figural reproduction that depend on the integrity of the right temporal lobe.   
The term quantitative refers to an appraisal of the amount of information the individual 
has reproduced, and quantitative scoring systems are traditionally based on the presence and 
accuracy of specific elements (i.e., line segments) of the figure.  In contrast, a qualitative analysis 
seeks to evaluate the respondents strategies and organizational approach, in other words, the 
process by which the individual approaches their reproduction of the figure.   Proponents of the 
qualitative systems contend that superficial evaluation of presence or accuracy does not capture 
the specific deficits in strategy and organization that may characterize subtle brain dysfunction 
(Troyer & Wishart, 1997).  Furthermore, several authors, drawing from the literature on 
hemispheric differences in cognitive processing, argue that qualitative scoring systems are 
superior to quantitative scoring systems because they allow for increased sensitivity to aspects of 
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visuoperception and construction unique to each hemisphere (e.g., holistic versus sequential 
processing, Binder, 1982).  Thus, although scoring systems for this task have historically 
emphasized a quantitative evaluation of the individuals performance, more recently, scoring 
methods have been developed which emphasize the value of a qualitative evaluation of the 
respondents reproduction.   
The current study utilizes one such qualitative scoring system, the Boston Qualitative 
Scoring System (Stern et al, 1994, 1999), to examine the qualitative features of ROCF 
performance in individuals with right and left intractable temporal lobe epilepsy.  The purpose of 
this study was to assess the validity of the BQSS in discriminating between these clinical groups, 
where standard scoring systems have failed to be adequate, with a qualitative analysis of the 
ROCF using the BQSS.   
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REVIEW OF EPILEPSY 
As the current study emphasizes an exploration of figural memory in a sample with 
epilepsy, it is useful to briefly review epilepsy.  Epilepsy was one of the first neurologic disorders 
to be described; it was first mentioned in Babylonian texts more than 3,000 years ago (National 
Institute of Neurological Disorders and Stroke [NINDS], 2000).  Although ancient opinion held 
that demons or gods were visiting those with seizures, Hippocrates was the first to suggest that 
epilepsy was a disorder of the brain.  According to statistics cited by the Centers for Disease 
Control and Prevention-National Center for Health Statistics (2000), approximately 1.4 million 
Americans have epilepsy.   
Classification of Seizures      In general terms, a seizure is defined as an episode of disturbed 
electrical activity in the brain (Epilepsy Foundation, 1999).  Seizures may take a variety of forms, 
including episodes of disturbed movement, sensation, perception, and/or behavior.  Events may 
occur with or without alterations in level of consciousness.  Seizures are phenomenologically 
divided into two major categories  partial seizures and generalized seizures.  Partial seizures 
arise from only one region of the brain and are usually identified by the area in which they occur 
(e.g., partial temporal lobe seizures).  Approximately 60 percent of those with epilepsy have 
partial seizures (NINDS, 2000).  In a simple partial seizure, the individual remains conscious, but 
may experience unusual feelings or sensations (e.g., sudden feelings of anger, fear, or nausea; 
hearing, smelling, or tasting something that is not real).  In complex partial seizures, the 
individual experiences an alteration in consciousness.  The individual may exhibit repetitive 
behaviors, such as recurrent blinking, mouth, or hand movements (automatisms) during these 
events; episodes may last up to two minutes.   
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In contrast, generalized seizures arise when abnormal neuronal activity occurs in many 
parts of the brain at the same time.  These seizures are quite heterogeneous, and may present as 
staring (absence seizures), stiffening of the muscles in the back, legs, and arms (tonic seizures), 
repeated jerking movements of muscles on both sides of the body (clonic seizures), a mixture of 
stiffening of the body followed by repeated jerks of the arms and/or legs (tonic-clonic seizures), 
jerks or twitches of the upper body, arms, or legs (myoclonic seizures), or as a sudden and 
complete loss of normal muscle tone (atonic seizures).  Not all seizures can be easily defined as 
either partial or generalized; some individuals have seizures that begin as partial seizures that then 
generalize to the entire brain.  Others may have both partial and generalized seizures at different 
times.   
Defining Epilepsy      It is important to note that seizure episodes are, in fact, quite common, and 
according to Sander and Shorvon (1987), between 2% and 5% of the general population will have 
at least one nonfebrile seizure during their lifetimes.  The phenomenon of recurrent seizures is 
termed epilepsy, from the Greek word epilambanein, meaning to seize or to attack (Epilepsy 
Foundation, 1999).  Generally, an individual must have had two or more seizures before they are 
considered to have epilepsy (NINDS, 2000).  In the same way that there are many different kinds 
of seizures, there are many different kinds of epilepsy.  Temporal lobe epilepsy (TLE) is the most 
common epilepsy syndrome, and this variant of epilepsy is the focus of the current investigation.   
The temporal lobes ..The temporal lobe is comprised of all of the tissue that lies below 
the Sylvian fissure anterior to the occipital and parietal cortices.  One can approximate the 
location of the temporal lobes by placing the palms on both temples with the fingers extending 
back over the ears.  The temporal lobes house the primary auditory cortex, portions of the 
secondary and tertiary auditory and visual cortices, and areas of the limbic cortex.  As Nakamura 
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and Kubota (1996) note, a consistent nomenclature for describing regions of the temporal lobe is 
elusive; nonetheless, in most sources, the anterior-most tip of the temporal cortex is designated as 
the temporal pole (Brodmanns area 38), and regions of the lateral surface of the temporal lobe 
are designated as superior temporal gyrus (area 22), middle temporal gyrus (area 21) and inferior 
temporal gyrus (sometimes called inferotemporal regions; area 20).  On the mesial surface, the 
parahippocampal gyrus (area 28) contains limbic structures such as the hippocampus and 
amygdala. In nonhuman primates, mesial regions of the inferior temporal cortex have been further 
subdivided, rostral to caudal, into areas TE and TEO, although this regional distinction is not 
generally made in humans. These designations are based on Brodmanns 1909 cytoarchitechtonic 
map of the human brain, and Appendix A depicts these divisions. 
Investigation of the neuropathological correlates of TLE has focused on the hippocampus, 
a mesial temporal structure implicated in learning and memory.  The hippocampus has been 
identified as one site of interaction between perception and the memory systems (Lezak, 1995).  
Individuals with TLE often demonstrate hippocampal atrophy or scarring (sclerosis), and learning 
and memory difficulties are a frequent complaint due to disruption of the hippocampus.  Other 
investigators have focused on the role of inferotemporal structures in the processing and 
consolidation of sensory information, possibly for use by memory subsystems (Middleton & 
Strick, 1996; Miyashita, 1993) 
Diagnosis     A neurologist or epileptologist usually makes the diagnosis of epilepsy.  The most 
common diagnostic test for epilepsy is an EEG recording.  Electrodes placed on the scalp can 
detect and localize abnormalities in the brains electrical activity.  Video monitoring is often done 
in conjunction with EEG to observe the behavioral correlates of abnormal EEG activity.  Brain 
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scans (CT, MRI, PET, SPECT) can also be useful in identifying structural or metabolic 
abnormalities (e.g., tumors, arteriovenous malformations) that may be causing seizures. 
Treatment     Advances in the diagnosis and characterization of epilepsy have been instrumental in 
the development of effective treatments.  In recent times, the availability of new antiepileptic 
drugs and other forms of treatment (e.g., vagal nerve stimulators) has allowed for the control, and 
even the elimination, of seizures in a large percentage of people with epilepsy.  According to 
NINDS (2000), seizures can be controlled with medication or other non-surgical treatments in 
approximately 80 percent of those diagnosed with epilepsy.  However, when seizures cannot be 
controlled with these treatments, the epilepsy is termed intractable, and surgical removal of 
epileptogenic (seizure-causing) brain tissue is often warranted.  Surgery is generally 
recommended only after patients have tried two or three different medications without success, or 
if there is an identifiable structural abnormality believed to be causing the seizures (NINDS).   
The role of neuropsychological evaluation     Neuropsychological assessment plays an 
important role in the evaluation of individuals with epilepsy, and the results of the 
neuropsychological evaluation often inform further phases of presurgical work-up.  For example, 
surgical implantation of EEG electrodes (directly on the surface or within the cortex of the brain) 
may be necessary to precisely pinpoint the origin of epileptic seizures (seizure focus) prior to 
surgical removal of epileptogenic tissue, and neuropsychological data may help guide the 
placement of electrodes by providing the surgeon with information about apparent areas of 
localized dysfunction (Hayashi & OConnor, 1997).  Also, surgeons usually avoid operating in 
areas of the brain necessary for motor and cognitive functions, and the neuropsychologist may 
assist the surgeon with preservation of speech and motor abilities by way of cortical mapping of 
regions critical to these functions (Penfield and Roberts, 1959).  The results of 
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neuropsychological testing may also have implications for counseling of patients and prediction of 
surgical outcome.  For instance, an individual who performs well on verbal memory tests, despite 
localization of seizures to the left anterior temporal lobe, is likely to experience a decline in recall 
of verbally-presented information following surgical removal of this area of functioning cortex 
(Bell and Davies, 1998).  Results of comprehensive neuropsychological testing can provide a 
baseline measurement of cognitive abilities before surgery, to allow for assessment of possible 
improvement or decline after surgery.   
The current study addresses the recall of a complex geometric figure in individuals for 
whom surgical resection is a consideration.  As briefly discussed above, the ROCF task is 
commonly used in presurgical neuropsychological evaluation, as a measure of visuoconstructional 
ability and visual memory.  The following paragraphs will examine the principles of nonverbal 
memory and the ROCF test in more detail. 
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ASSESSMENT OF NONVERBAL MEMORY 
Tests of visual memory are usually included in a comprehensive neuropsychological 
evaluation, both as an adjunct to verbal memory assessment, as well as with the purpose of 
examining material-specific memory impairment associated with dysfunction of the non-dominant 
(i.e., non-language) hemisphere.  Most visual memory tests employ designs or nonsense figures in 
order to reduce the possibility of verbal mediation and maximize the measurement of non-verbal 
functioning (Lezak, 1995).  Short-term memory has been associated with the hippocampus and 
nearby structures in the anterior and mesial temporal areas (Babb & Brown, 1987; Jones-Gotman, 
1986; Milner & Penfield, 1955).  Laterality for memory functions has also been found (i.e. right 
hemisphere dominance for non-verbal memory functions), although less consistently than for other 
abilities, particularly when memory for designs is examined (Moye, 1997).  Under normal 
conditions, memory for complex visual stimuli may reflect multiple processes that involve multiple 
areas, including the prefrontal, temporal, and parietal cortices.  In contrast, patterns of memory 
performance are more likely to be lateralized in individuals with brain lesions (lesion 
compensatory brain functioning; Moye, p. 159).  While researchers and clinicians have 
recognized a number of tests as reliable measures of verbal memory impairment in patients with 
left temporal lobe foci, the development and validation of tests for the identification of nonverbal 
memory impairment in patients with right temporal lobe foci has proven to be more difficult (Barr 
et al., 1997b; Lee, Loring, & Thompson, 1989; Strauss et al., 1995).  This difficulty is due, in 
great part, to the fact that verbal dysfunction can be more easily described and scrutinized, as it is 
the modality in which the testing occurs (Mayeux, Brandt, Rosen, & Benson, 1980; Moye, 1997).  
In contrast, it is more difficult to use language to describe a nonverbal phenomenon, and thus, 
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investigations of the memory functions of the right temporal lobe have been more limited (Barr, 
1997a). 
Development of the Rey-Osterrieth Complex Figure Test     A complex figure task was 
developed by Rey (1941; most recently translated by Corwin & Bylsma, 1993b) to examine both 
perceptual processing and visual memory in brain-damaged individuals.  Osterrieth (1944; 
translated by Corwin and Bylsma, 1993b) standardized Reys procedure and provided a numerical 
scoring system based on the presence or absence of structural elements in the individuals 
reproduction of the figure.  
The Rey-Osterrieth Complex Figure Test (ROCF; Appendix B) remains a central test in 
the practice of neuropsychology (Lezak, 1995).  As Boone (2000) notes, the ROCF has become 
one of the most commonly used neuropsychological tests in both clinical and research paradigms, 
and it is referenced in over 200 publications.  The test consists of a timed (but not time-limited) 
trial in which the individual copies a complex two-dimensional geometric figure, followed by an 
immediate recall trial.  Individuals are not forewarned that they will be asked to recall the figure 
they have copied.  The modern administration also includes a delayed recall task.  The amount of 
time until delayed recall varies, from 20 minutes to 40 minutes, however, a 30-minute interval is 
generally used.  Lezak (1995) suggests that, within the limits of one hour, the specific length of 
delay is inconsequential.  Several authors (e.g., Loring, Martin, Meador, & Lee, 1990; Meyers & 
Meyers, 1995) have noted that inclusion of an immediate recall trial produces a facilitatory 
effect on delayed-recall performance (i.e., 30-minute recall is significantly higher if immediate 
reproduction is included), although Barr (1997b) reported that an intervening immediate recall 
trial did not significantly affect delayed recall in a large multicenter sample with epilepsy.   
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ROCF administration methods vary, in that some clinicians include techniques to capture 
the precise order of figure production.  The two traditional methods of tracking the order of a 
respondents production, as outlined in Lezak (1995) and Stern et al. (1999), include 1) providing 
the individual with a series of colored pens or pencils, and 2) keeping a stroke-by-stroke flowchart 
in real-time, numbering each unit in the order that it is drawn while the respondent completes 
their production uninterrupted.  Pen or pencil switching may occur at specified intervals (e.g., 
every 30 seconds), or according to explicit rules designated by a scoring system.  Lezak (1995) 
suggests that either administrative method is satisfactory, and the choice of which method to use 
depends on the needs of the examiner.  However, it is conceivable that switching of pencils may 
interfere with performance by interrupting or shaping output, particularly in individuals with 
increased sensitivity to distraction (e.g., ADHD, head trauma).  To date, only one known 
investigation has compared ROCF performance as a function of administration method.  In a 
sample of 100 inpatients and outpatients, Ruffolo, Javorsky, Tremont, Westervelt, and Stern 
(2001) found that a pen-switching group actually performed better than a matched flowchart 
group.  The pen-switching groups productions were also significantly faster to score (with the 
BQSS). 
Other Measures of Figural Memory      Although the ROCF is probably the most frequently 
administered test of figural memory (Spreen & Strauss, 1998), analogous tests of figural memory 
include the Taylor Complex Figure (Taylor, 1969) and four variants of the Medical College of 
Georgia Complex Figure (Meador et al., 1991).  These parallel figures are useful for retesting 
purposes (e.g., the Taylor Figure may be used following initial presentation of the ROCF, to avoid 
a practice effect in longitudinal or pre- and posttest research), however the ROCF has been found 
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to be more robust (i.e., shown to be more difficult to remember) on delayed testing than the 
Taylor Figure (Strauss & Spreen, 1990; Duley et. al., 1993). 
The Visual Reproduction (VR) subtest of the Wechsler Memory Scale (WMS; original, 
revised, and 3rd edition variants; Wechsler, 1974, 1987, 1997) has also been widely employed in 
the examination of memory for geometric designs.  Although this measure has shown good 
reliability, a number of conflicting findings have been reported in studies using the WMS-VR.  
Delaney, Rosen, Mattson, & Novelly (1980) found that right temporal lobe patients demonstrated 
significantly lower recall scores than frontal lobe patients and normal controls; however, right 
temporal lobe patients did not differ significantly from individuals with left temporal lobe seizures.  
Jones-Gotman (1991) reported that patients with unilateral left temporal EEG findings performed 
relatively better than patients with unilateral right temporal or bitemporal EEG abnormalities on 
this test.  In contrast, several authors have failed to find differences between patients with left and 
right cerebral lesions using the WMS visual reproduction subtest (e.g., Ivnik, Sharbrough, & 
Laws, 1987; Bornstein & Chelune, 1988; Barr, 1997a).  As Milner (1975) suggests, the designs 
used in the WMS-VR may be too simple to identify subtle nonverbal memory impairment, thus, 
the more complex ROCF is more appropriate for examining memory disturbance associated with 
right temporal lobe dysfunction. 
Other Measures of Nonverbal Memory     It is worth briefly mentioning two additional measures 
of nonverbal memory, as they are included in the current study as adjunctive measures of 
nonverbal memory performance.  The Faces and Family Pictures subtests are new additions to 
the most recent revision of the Wechsler Memory Scale (WMS-III; Wechsler, 1997).  As 
described in the WMS-III manual, Faces uses a recognition paradigm to assess visual immediate 
and delayed memory, and it is similar to available tests of facial recognition, such as the 
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Warrington Faces Test (Warrington, 1984).  A series of 24 faces is presented, and the individual 
is then immediately asked to identify the 24 faces they have been shown from a second series of 
48 faces.  Following a 30-minute delay, the individual is shown the series of 48 faces for a second 
time, and he/she is again asked to identify the 24 faces initially seen.  As described in the WMS-III 
manual, Family Pictures requires recall of complex visual scenes.  The individual is shown four 
scenes of family activities for 10 seconds each.  After all four scenes are shown, the individual is 
asked to recall the characters present in each scene, their scene activity, and their spatial location.  
Thirty minutes later, he/she is again asked to recall the characters, activities, and locations for 
each scene.  Preliminary data on the WMS-III factor structure suggests that the Faces and Family 
Pictures subtests load with the Visual Reproduction subtest, on a factor separate from verbal 
memory tasks (Hawkins, 1999). 
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RESEARCH WITH THE ROCF 
The ROCF task has been employed in the study of a wide variety of disorders, and it has 
been shown to distinguish patients with brain lesions and head injury (e.g., Binder, 1982; Messerli, 
Seron, & Tissot, 1979 as cited in Lezak, 1995; Pillon, 1981 as cited in Lezak) dementing 
disorders (e.g., Bigler et al., 1989 as cited in Lezak, 1995; Cherrier, Mendez, Dave, & Perryman, 
1999; Freeman et al., 2000), Huntingtons disease (Brouwers, Cox, Martin, & Chase, 1984), 
Parkinsons disease (Ogden, Growdon, & Corkin, 1990), psychiatric disorders (Hinrichs & Bury, 
1991; Osterrieth, 1944; Savage et al., 1999; Silverstein, Osborn, & Palumbo, 1998), and 
detoxified chronic alcoholics (Dawson & Grant, 2000; Sullivan, Mathalon, Ha, Zipursky, & 
Pfefferbaum, 1992).  
Evidence for ROCF impairment in individuals with epilepsy has been somewhat more 
tentative.  L.B. Taylor (1969) found that patients with right temporal lobe (RTL) seizures 
performed significantly worse than patients with left temporal lobe (LTL) seizures on 40-minute 
recall, and Jones-Gotman (1986) similarly reported that 40-minute recall performance of 
individuals with right temporal lobectomies was impaired relative to normals and individuals with 
left temporal lobectomies on this task.  However, Loring, Lee, & Meador (1988) failed to find 
significant differences between patients following right versus left temporal lobectomy using a 
standard 36-point scoring system, and Lee, Loring, & Thompson (1989) reported no statistically 
significant difference between left and right temporal lobe epilepsy patients either before or after 
temporal lobectomy.  In a multicenter study of 523 individuals, Barr et al. (1997b) also failed to 
find a significant difference between LTL and RTL groups on the copy or delayed recall 
conditions.  Investigators have been somewhat more successful at discriminating between R TLE 
and L TLE when using more qualitative scoring methods.  Piguet, Saling, OShea, Berkovic, & 
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Bladin (1994) reported that patients with right temporal lobe epilepsy demonstrated significantly 
more qualitative errors on recall of the figure than patients with left temporal lobe foci.  Loring, 
Lee, & Meador (1988) found significant qualitative differences between left and right temporal 
groups: more distortion and misplacement errors were observed in the RTL group.  Nonetheless, 
success with the available qualitative scoring systems has also been limited.  Loughead, 
Hammarlund, Glosser, & Sperling (2000) examined the utility of the Developmental Scoring 
System for the ROCF (Bernstein & Waber, 1996) in 30 candidates referred for epilepsy surgery.  
The style score, purported to differentiate between part-oriented, intermediate, and configural 
processing approaches to the copy of the figure, failed to discriminate right from left temporal 
lobe epilepsy individuals. 
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DEVELOPMENT OF MODERN SCORING METHODS FOR THE ROCF 
Quantitative Scoring Systems      Scoring systems for the ROCF task have historically emphasized 
a quantitative summary score.  Reys (1941) scoring system evaluated the accuracy of the recall 
trial only, based on the presence or absence of individual segments of the figure.  Each line 
segment is given one point if present; the maximum score using this scoring system is 47.  
Osterrieth (1944), building on Reys scoring method, developed a simplified scoring system 
allowing for comparison of the copy and immediate recall productions.  Osterrieth improved on 
Reys scoring method by gathering individual line elements into the more complex components 
of the figure of which they are a part (Corwin & Bylsma, 1993a, p. 12).  Osterrieth devised his 
scoring system by examining the figure productions of 25 adult subjects divided into three groups 
on the basis of task performance, and noting which details were drawn as a unit (i.e., were 
perceived as a whole) by 75% of the subjects.  These 18 details, determined to be the elements 
of the figure, were scored based on their presence as well as their position in regard to the whole 
figure (see Appendix C).  Elements that were correctly produced and well placed received 2 
points, elements that were correct but poorly placed received 1 point, and distorted or incomplete, 
but recognizable elements received scores of 1 or ½ point depending on their placement.  The 
maximum point total for Osterrieths scoring system is 36.  Osterrieths scoring system remains 
relatively unchanged to date, and it is the basis for current quantitative scoring methods.   
Critics have argued that these quantitative scoring systems are unreliable, as the extent to 
which an element is considered present, distorted, or mislocated is open to considerable subjective 
interpretation.  Tupler, Welsh, Asare-Aboagye, & Dawson (1995) evaluated the Osterrieth 
scoring system for the ROCF in a memory-impaired population, and found excellent inter-and 
intra-rater reliability, however, reliabilities for the 18 individual items varied greatly, from poor (r 
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= .14) to excellent (r = .96).  Berry, Allen, & Schmitt (1991) reported interrater reliability to be r 
= .80 for copy, .93 for immediate recall, and .96 for delayed recall trials.  Similarly, Liberman, 
Stewart, Seines, and Gordon (1994) reported high intrarater reliability (.96 to .99 for copy, 
immediate, and delayed productions) and acceptable interrater reliability (.88 - .97) using the 36-
point Osterrieth scoring system, suggesting that the traditional scoring system is likely adequate 
for general clinical purposes, when simplicity and speed of scoring are primary factors.  Along 
these lines, the normative data available for the ROCF are generally collected using the Osterrieth 
scoring system or the Taylor-Osterrieth scoring system described below.   
Explicit scoring criteria     Explicit scoring criteria have been developed in an effort to 
standardize the quantitative scoring procedures.  E. M. Taylor (1959) modified Osterrieths 
original scoring method slightly to make the scoring criteria more specific.  The Taylor-Osterrieth 
method emphasizes not only the accuracy and placement of the figural elements, but also the 
relative proportion of elements to the overall figure.  Reproductions are assigned 0 to 2 points 
based on placement and presence of distortion for each of the 18 structural units of the figure 
identified by Osterrieth (Mitrushina, Boone, & DElia, 1999).  Carr & Lincoln (1988) found that 
two raters agreed on copy scores using the Taylor-Osterrieth scoring system 90% of the time.  
Several other explicit scoring systems have been proposed to improve the objectivity of 
quantitative scoring methods.  Loring and colleagues (1990) developed an 11-point scoring 
system to evaluate recall of what they considered to be important components of the ROCF 
structure.  They reported an interrater correlation coefficient of .98 for two raters using their 
objective criteria, however Duley and peers (1993) argue that more than 95% of the Loring 
sample of college students scored a perfect score (36/36), implicating their criteria as too lenient.  
Duley et al. (1993) developed their own explicit scoring criteria for the ROCF that provides rules 
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for scoring deviations of each of the 18 elements of Osterrieths original scoring system.  Using 
Duley et al.s detailed criteria in a sample of subjects infected with HIV, raters (two of five raters 
scored each protocol) were within two points of each other on 90% of the copy and 88% of the 
recall productions, and mean scores and standard deviations were comparable to published norms.  
Qualitative Scoring Systems     In contrast to the above quantitative scoring approaches, some 
modern-day investigators have advocated a qualitative approach to the evaluation of ROCF 
productions (e.g., Hamby, Wilkins, & Barry, 1993; Loring et al., 1988; Milberg, Hebben, & 
Kaplan, 1996; Stern et al., 1994).  As described previously, proponents of qualitative systems 
argue that the process of a production yields important information about an individuals 
perceptual abilities and organizational skills that cannot be garnered from a single, quantitative 
score.  Of note, in addition to their evaluations of production accuracy, Rey and Osterrieth were 
similarly interested in the qualitative aspects of how a person copied and reproduced the figure.  
As Corwin and Bylsma (1993a) note: [Rey and Osterrieths] interest in how the patient generates 
the copy predates by twenty years the beginnings of the modern process approach to evaluating 
performance. (p.16).   
Several qualitative scoring approaches have been developed (e.g., Bennett-Levy, 1984; 
Binder, 1982; Denman, 1984), and Troyer & Wishart (1997) reported moderate to high 
discriminant validity and interrater reliability for ten such techniques (see Troyer & Wishart for 
further discussion).  However, as Stern et al. (1999) point out, the majority of these scoring 
systems focus on only one or two qualitative features of an individuals performance, such as 
organization or symmetry.  In addition, the normative and clinical samples used in the 
development of these systems have generally been small, and none of the systems have attained 
wide usage (Boone, 2000). 
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THE BOSTON QUALITATIVE SCORING SYSTEM (BQSS) 
Stern et al. (1994, 1999) developed a scoring system that includes qualitative ratings of 17 
features of ROCF production (e.g., presence of design element, accuracy of design element, 
presence or absence of fragmentation, presence or absence of symmetry).  The term Boston 
refers to the method of neuropsychological assessment that emphasizes the qualitative aspects of 
how patients go about performing cognitive tasks (Milberg, Hebben, & Kapplan, 1996).  The 
BQSS approach to scoring divides the ROCF into 3 sets of elements, arranged in terms of 
structural importance as follows: Configural Elements, Clusters, and Details (See Appendix D).   
• Configural Elements, include the large rectangle, vertical and horizontal bisectors, 
main diagonals, and large triangle to the right of the rectangle, and are regarded as 
essential to the structure of the ROCF.  
• Clusters consist of important secondary elements, made up of one or more shapes 
or line segments that appear to form a whole (e.g., cross in the upper left hand 
corner outside of the large rectangle, small rectangle within figure to the left, circle 
with three dots, five parallel lines within the figure crossing the main diagonal in 
the lower right corner).  
• Details consist of single line segments, such as the small line above the small 
interior rectangle, the vertical line in the upper right quadrant below the triangle, 
and the segments connecting the two crosses to the main rectangle. 
 The BQSS administration includes copy, immediate, and 20-30 minute delayed recall 
trials.  For each trial, 17 qualitative scores are generated, most with ratings on a 5-point scale 
(Appendix E).  Six summary scores are also computed by combining various qualitative scores, 
they include: Copy Presence and Accuracy, Immediate Presence and Accuracy, Delayed Presence 
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and Accuracy, Organization, Immediate Retention, and Delayed Retention.  As Boone (2000) 
notes in her review of the BQSS, the advantages of this system include a well described 
comprehensive scoring system, a large standardization sample (n = 433) ranging in age from 18 to 
94, and an emerging literature on BQSS scores in various clinical groups.  In addition, the 
Presence and Accuracy scores allow for the traditional appraisal of quantitative aspects of the 
individuals production as well. 
Psychometric Properties of the BQSS      Evaluations of the psychometric properties of the BQSS 
have supported its use in a heterogeneous population.  Folbrecht, Charter, Walden, & Dobbs 
(1999) reported interrater reliability coefficients in the good to excellent range (.63 to .99) for all 
BQSS scales except Asymmetry (.20), and internal consistency reliabilities ranged from .77 to .91 
in a population including individuals with right and left hemisphere stroke, dementia, and normal 
controls.  Stern et al., (1999) reported kappa values indicating that 11 of the 17 qualitative scores 
demonstrated excellent reliability (0.76-1.00), 3 had good reliability (0.66-0.70), and 2 had fair 
reliability (0.53).  The six summary scores had good to excellent reliability (.77-.93).  Test-retest 
reliability coefficients computed for a 1-year delay were moderate (.50-.68), but comparable to 
other studies, because of the tasks inherent requirement for novelty (i.e., once an individual has 
performed the ROCF task, they are no longer naïve, particularly to the fact that they will be 
required to recall the figure after completing their copy).  Regarding discriminant validity, 
Folbrecht et al. (1999) reported the BQSS scoring system to be useful in distinguishing between 
individuals based on their performance on adjunctive visuospatial tasks.  Stern et al. (1999) 
reported good discriminant validity for disorders commonly seen in neuropsychological clinical 
practice, including traumatic brain injury, Alzheimers dementia, vascular dementia, HIV 
infection, Attention Deficit/Hyperactivity Disorder, and alcohol abuse.  The convergent validity of 
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the BQSS was examined by comparing the main BQSS Summary Score, Copy Presence and 
Accuracy, with that derived using the original Osterrieth scoring system, for the copy productions 
of 112 individuals from a number of patient groups (Stern et al., 1999).  The Pearson correlation 
between the BQSS Copy Presence and Accuracy score and the Osterrieth score was .95, 
indicating excellent convergent validity.  In addition, Stern et al. (1999) reported higher sensitivity 
and specificity in discriminating clinical groups and controls: the BQSS averaged 77% for both 
sensitivity and specificity, whereas the original system averaged 72% sensitivity but only 60% 
specificity.  The convergent validity of the BQSS as a measure of executive dysfunction was also 
examined (Somerville, Tremont, & Stern, 2000).  Performances on the five BQSS scores 
purported to measure aspects of executive functioning (Planning, Fragmentation, Neatness, 
Perseveration, and Organization) were compared with scores on standardized neuropsychological 
tests commonly used to measure executive functioning (Trail Making Test part B total time; 
Wisconsin Card Sorting Test perseverative responses; Controlled Oral Word Association total 
words; and WAIS-R Similarities raw score).  BQSS executive scores were significantly correlated 
with the executive measures and were less correlated with discriminant (non-executive) 
measures. 
As detailed by Boone (2000), criticisms of the BQSS include the significant time required 
to learn and use the scoring system (although Stern et al. (1999) report a steep learning curve 
with repeated use), and Charter, Walden, and Padilla (2000) suggest that clerical aspects of 
scoring with the BQSS make it susceptible to simple scoring errors.  Boone also criticizes the lack 
of an empirical basis for clinical interpretation of the qualitative scores.  For example, interpretive 
guidelines suggest that patients with right hemisphere dysfunction generally obtain lower scores 
on the Configural Presence and Accuracy subscale, while individuals with left hemisphere damage 
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generally obtain relatively lower Cluster and Detail Presence and Accuracy scores.  Boone 
criticizes these conclusions as based only on the sparse literature of trends in performance on 
other figural reproduction tests, rather than on empirical evidence of BQSS differences in patients 
with right or left hemisphere damage.  The current study seeks to investigate whether the BQSS 
can, in fact, provide information regarding lateralizing deficits.   
Research with the BQSS     Despite its relative novelty, recently published studies have reported 
the BQSS to be sensitive to neurocognitive impairment in a variety of disorders.  Javorsky, 
Rosenbaum, & Stern (1999) found that selected BQSS scores (Copy Cluster Accuracy, Delayed 
Retention Summary score, Copy Perseveration, Copy Horizontal Expansion, and Copy Detail 
Placement) successfully discriminated between individuals with documented traumatic brain injury 
and those without.  Other investigators have examined the utility of the BQSS in identifying 
individuals with attention deficit hyperactivity disorder (ADHD).  Schreiber, Javorsky, Robinson, 
& Stern (1999) reported significantly poorer performance by adults with ADHD, versus controls, 
on Configural Accuracy, Neatness, and Planning.  The traditional Osterrieth scoring system failed 
to detect group differences in this sample.  A logistic regression model resulted in 75% sensitivity 
and 81% specificity in discriminating individuals with ADHD from controls.  Cahn et al. (1996) 
employed an earlier version of the BQSS (Stern et al., 1994) to study the qualitative features of 
ROCF performance in children with ADHD.  Again, BQSS scores discriminated between a group 
of children with ADHD and age-matched controls; 81% of all children were correctly classified.  
Javorsky and Stern (1999) addressed the clinically relevant matter of distinguishing among the 
different presentations of dementia (e.g., dementia associated with Alzheimers disease versus 
ischemic vascular dementia) in their investigation of the utility of the BQSS.  A multivariate 
logistic regression model including the amount of information lost or gained from copy to 
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immediate recall (Immediate Retention), and spatial reduction of the individuals copy (Copy 
Reduction) correctly classified 75% of the individuals with Alzheimers dementia and 75% of the 
individuals with known vascular dementia.  In a related study, Freeman et al. (2000) administered 
the copy trial of a simplified ROCF (containing fewer details) to investigate visuoconstructional 
ability in patients diagnosed with Alzheimers dementia, vascular dementia, and Parkinsons 
disease.  Adapting the BQSS to allow for scoring of the simplified ROCF, investigators found that 
individuals with Alzheimers dementia outperformed those with vascular dementia and 
Parkinsons disease, although the Alzheimers and vascular groups performed similarly with 
respect to cluster accuracy and perseveration.  The drawings of those with vascular dementia and 
Parkinsons disease were generally very fragmented, suggesting that patients with these types of 
dementia have executive impairment in excess of patients with Alzheimers disease.  Finally, the 
BQSS has been employed in the investigation of mild cognitive-motor impairments (mild 
psychomotor slowing, diminished motor coordination, reduced reaction time, and executive 
dysfunction) seen in individuals with HIV infection who are otherwise asymptomatic (Javorsky, 
Silva, & Stern, 2000).  A logistic regression model including Presence, Neatness, Perseveration, 
and Immediate and Delayed Retention scores resulted in 77% sensitivity and 72% specificity for 
HIV positive individuals, with an overall classification rate of 74%.  Javorsky et al. (2000) 
suggest that these findings implicate subcortical-frontal dysfunction in early HIV infection, and 
support the use of the BQSS in this sample.   
 At the present time, only two evaluations of the utility of the BQSS in epilepsy have been 
reported in the literature.  Schwartz, Peters, & Stein (2000) reported promising findings using the 
BQSS to discriminate between patients with right and temporal lobe epilepsy.  However, their 
sample was quite small (n=9) and their statistical analysis only cursory (they examined the 
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frequency of scores 10% below the mean).  Spevack (1998) conducted an archival study of 63 
TLE patients and failed to find hemispheric differences on BQSS measures of accuracy or 
performance style, however, as the author acknowledged, these productions were not originally 
administered according to the BQSS protocol, thus the generalizability of her findings may be 
limited.  The current study sought to carry out a more exhaustive investigation of hemispheric 
differences on the BQSS in a prospective sample of individuals with epilepsy. 
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GOALS OF THE CURRENT INVESTIGATION 
Taken together, the above studies illustrate not only the clinical usefulness of the ROCF 
test, but also the possible benefit of making a qualitative examination of ROCF production using 
the BQSS, when investigating group differences.  The current study sought to examine the 
interaction between seizure locus and nonverbal memory performance on the ROCF, utilizing the 
Boston Qualitative Scoring System in an effort to capture aspects of performance (e.g., planning, 
gestalt vs. fragmentation) that are not addressed by standard scoring methods.  As several authors 
(e.g., Lee et al., 1989; Loring et al., 1988) had reported differences between R and L TLE groups 
in the approach taken while copying the geometric figure, it was predicted that examination of the 
qualitative aspects (i.e., process) of figure reproduction would allow for better discrimination of 
individuals with non-dominant temporal dysfunction from those with dominant (left) temporal 
lobe dysfunction.   
Another goal of the current investigation was to explore which neuropsychological 
functions were associated with ROCF performance in an epilepsy sample.  In the clinical setting, 
the ROCF is principally employed as a measure of nonverbal memory (Lezak, 1995).  However, 
given contradictory evidence of an association between right temporal lobe dysfunction and 
figural memory impairment in the epilepsy literature, some have argued that figural memory tests 
may actually be poor measures of the construct of nonverbal memory, at least in this sample 
(Barr, 1997b; Lee et al., 1989).  Instead, these authors characterize the ROCF and similar tests as 
measures of complex visuoperception.  In the current study, additional measures of nonverbal 
memory and visuoperception were administered in an effort to explore the underlying constructs 
related to ROCF performance.  If performance on the ROCF was correlated with performance on 
other measures of nonverbal memory, than the ROCFs validity as a measure of nonverbal 
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memory would be supported.  Alternatively, if scores on the ROCF were more strongly associated 
with tests of visuoperception, the ROCF might be better considered as a measure of complex 
visuoperception, and this could explain its failure to detect dysfunction of the right mesial 
temporal (i.e., memory) structures. 
In sum, two principle predictions were tested: 1) Left temporal lobe and right temporal 
lobe groups were not expected to differ on either copy, delay, or percent retention, using the 
Taylor-Osterrieth quantitative scoring system, and 2) Seizure groups were expected to differ on 
the BQSS, particularly on indices of planning and organization.  In addition, the relationship 
between ROCF performance and adjunct measures of nonverbal memory and visuoperception was 
explored. 
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METHODOLOGY 
Participants     This study included patients undergoing preoperative evaluation for anterior 
temporal lobectomy at the Comprehensive Epilepsy Center at Long Island Jewish Medical Center.  
Participants were either referred to the Neuropsychology Service for routine neuropsychological 
testing as part of their comprehensive seizure evaluation, or neurologists in the Epilepsy Center 
identified them retrospectively as candidates for this study.  The latter individuals were contacted 
by the investigator and recruited for participation.  All subjects were voluntary participants, and 
all provided informed consent on a form approved by the Medical Centers Institutional Review 
Board and the Institutional Review Board of Louisiana State University. 
 Demographic and medical information was obtained from study participants and medical 
records.  Individuals were classified as to side of primary seizure focus based on a combination of 
procedures including routine EEG, ictal and interictal continuous video-EEG recording, 
neuroradiological evaluation and, when relevant, eventual surgical side.  Neurologists with 
specialization in epilepsy determined seizure focus for all participants.  Individuals with complex 
partial seizures of temporal origin and idiopathic etiology were included.  All participants had Full 
Scale IQs greater than 69.  Given that a small percentage of left-handed individuals demonstrate 
right hemispheric dominance or cross-dominance for language, and that individuals with epilepsy 
beginning in early childhood may be more likely to demonstrate atypical language lateralization in 
the right hemisphere, left handed individuals were only included if intracarotid amobarbital testing 
(Wada testing) established language lateralization in the left hemisphere.  If a participant was 
enrolled during inpatient hospitalization for continuous video-EEG monitoring, every effort was 
made to complete testing during the early part of their hospital stay, prior to tapering or 
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adjustment of their antiepileptic medications.  Individuals were not enrolled in this study if they 
had had a seizure within the 12-hour period prior to the evaluation.   
 Forty-five individuals were included in this study; twenty-five individuals with left 
temporal lobe epilepsy (L TLE) and twenty individuals with right temporal lobe epilepsy (R TLE).  
Demographic and seizure data for the entire sample are shown in Table 1.  The sample consisted 
of 23 men and 22 women who were predominantly tested as outpatients in an office setting (31 
outpatients, 14 inpatients).  Of the 14 individuals tested during impatient evaluations, 8 had 
seizures of left temporal origin.  For the whole sample, the mean age was 41 years old (SD = 
14.53, range = 18-72), and the mean years of education was 13.3 (SD = 2.46, range = 9-20).  
Thirty-nine participants reported right-hand dominance, five participants reported left-hand 
dominance, and one participant reported being ambidextrous.  All of the non-right-handed 
individuals demonstrated language lateralization to the left hemisphere during sodium amobarbital 
testing.  For the whole sample, the mean age at onset of recurrent seizures was 21.9 years (SD = 
16.9, range = 6 months  69 years); the mean duration of seizures was 18.9 years (SD = 13.6, 
range 1-50 years).   
Table 1











Right 20 44  
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 Demographic and seizure data, as a function of seizure locus, are shown in Table 2.  The 
two seizure groups were similar on all demographic variables except for years of education, as 
determined by t tests for continuous variables and a chi-square test for sex.  The R TLE group 
completed an average 1.64 years more of schooling than the L TLE group (t = -2.18, p = .038). 
Instruments     Rey Osterrieth Complex Figure Test (Rey, 1941; Osterrieth, 1944)     The Copy, 
Immediate, and 30-minute Delayed Recall conditions were all administered according to the 
Boston Qualitative Scoring administrative procedures.  Taylors explicit criteria for Osterrieths 
scoring method (Taylor-Osterrieth method, 1969; as detailed in Spreen & Strauss, 1999) were 
used for determination of Copy and Delay quantitative scores.  A Percent Retention (Delay/Copy) 
value was also calculated.  The Taylor-Osterrieth criteria are detailed in Appendix F.   
 In an effort to control for Type I error in later statistical analyses, only the Copy and Delay 
productions were evaluated with both scoring systems.  Similarly, to limit the number of 
comparisons made, a subset of BQSS variables was selected based on theoretically derived 
hypotheses regarding the impact of non-dominant impairment on ROCF performance.  Based on a 
review of the literature (including Barr, 1997a; Delaney et al., 1980; Loring et al.; 1988, and 
Table 1 - cont'd
M SD Range
Age at time of 
evaluation 41.0 14.5 17-72
Years of education
13.2 2.5  9-20




seizures in years 18.9 13.6  1-50
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Piguet et al., 1994), performance on the ROCF by individuals with right temporal lobe impairment 
was expected to be characterized by relatively poor visuoperceptual accuracy, decreased attention 
to structurally important elements of the design, and poor planning and organization.  The 
following eight BQSS scores were selected for analysis, as they purportedly measure the 
visuoperceptual/organizational domains of interest: Configural Presence, Cluster Presence, Detail 
Presence, Configural Accuracy, Cluster Accuracy, Fragmentation, Planning, and Perseveration.   
 
Note. * Significantly different (t = -2.18, p = .038)        
 
Table 2
Sample Characteristics; Stratified by Seizure Locus 
Seizure Focus
n % n %
Sex
Male 12 48 11 55
Female 13 52 9 45
Dominant Hand
Right 22 88 17 85
Left 2 8 3 15
Ambidextrous 1 4 0 0
M SD Range M SD Range
Age at time of 
evaluation 42.5 13.91 17-71 39 15.39   18-72
Years of 
education* 12.6 1.58   9-16 14.2 3.05   9-20
Age at onset of 
recurrent seizures
25.3 13.61   2-52 17.6 19.98   .5-69
Duration of 
seizures in years 16.9 11.35   1-42 21.4 16.06   2-50
Right (n=20)Left (n=25)
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To explore further the cognitive functions possibly related to complex figure perception, 
construction, and recall, the following tasks were also administered:  
• Nonverbal Memory Tasks:     The Faces and Family Pictures subtests of the Wechsler 
Memory Scale-III (Wechsler, 1997) were given to further characterize nonverbal memory 
abilities.  As described previously, Faces evaluates facial recognition, and Family Pictures 
assesses respondents ability to recall complex visual scenes (Spreen & Strauss, 1999) 
• Visuoperceptual Tasks:     The Hooper Visual Organization Test (Hooper, 1983) was 
administered to examine visuospatial/perceptual abilities.  The Street Gestalt Completion 
Test (Street, 1931) was also given, to explore visual integration and organization. 
Procedures     Concurrent with inpatient video/EEG monitoring or during a scheduled outpatient 
evaluation, participants were administered the Copy, Immediate, and 30-minute Delayed Recall 
trials of the ROCF and additional nonverbal memory and visuoperceptual tasks in the following 
fixed order: 1) ROCF Copy, 2) ROCF Immediate Recall, 3) WMS-III Faces I (immediate trial), 4) 
WMS-III Family Pictures I (immediate trail), 5) Hooper Visual Organization Test, 6) Street 
Gestalt Completion Test, 7) ROCF Delay Recall, 8) WMS-III Faces II (delay trial), and 9) WMS-
III Family Pictures II (delay trial).  The tasks were presented in this fixed order to standardize the 
administration procedure and control for interference effects, and this order was chosen based 
only on the judgment of the investigator regarding the lack of obvious similarity between any of 
the task stimuli.  All tasks were administered in the standard manner used in neuropsychological 
practice, except for the ROCF, which was administered in the standard manner with the addition 
of the BQSS explicit pencil-changing rules for a subgroup of the sample (see below for further 
discussion).  The time required to administer all tasks was approximately 1 hour.   
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Due to concerns that pencil switching might have a disproportionate effect on the R TLE 
group by exacerbating hemisphere-related difficulties with production of the figure (e.g., 
disorganization), participants were further divided within seizure group into subgroups of 
individuals receiving the pencil-switching administration method (PENCIL) and those who were 
videotaped while completing the ROCF without the switching of pencils (VIDEO).  At the time of 
videotaping, all attempts were made to capture only the participants hand and the ROCF 
production, and subjects were asked to avoid speaking while being recorded in order to protect 
their anonymity.  For those receiving the pencil-switching method, pencils were switched 
according to the rules provided in Stern et al. (1999, p. 10).  Efforts were made to avoid 
interfering with the respondents performance when switching pencils.  Fifteen L TLE and 10 R 
LTLE subjects completed the task with the pencil-switching method, and 10 L TLE and 10 R 
TLE subjects were videotaped.   
Participants data was coded with a unique number, and seizure laterality information was 
not available to the investigator at the time of scoring.  All productions were scored by the 
investigator when data collection was complete, in order to facilitate blind assessment.  The 
videotaped productions were transcribed at the conclusion of data collection using the flowchart 
method, and the participants productions were then coded with colored pencils to allow for 
scoring with the BQSS.  In order to assure correct application of the BQSS procedures, a 
postdoctoral fellow trained by, and currently working in the laboratory of, the BQSS authors 
independently scored 10 of the ROCF productions collected. 
    
 33
RESULTS 
Characterization of Neuropsychological Data      Examination of the means, standard deviations, 
and skew for the frequency distributions of the neuropsychological test measures was undertaken 
first, in order to inform later decisions regarding methods of statistical analysis.  In particular, 
given the limited range of values for the BQSS variables (0-4) and reports of other investigations 
with this scoring method, there was concern that the distributions for the BQSS variables would 
not approximate a normal curve, leading to violation of one of the principal assumptions of 
parametric analyses.  Evaluation of frequency distributions also allowed for detection of any 
outliers due to miscoding.  Visual inspection of the frequency histograms revealed that several of 
the BQSS variables were negatively skewed, as were the distributions for scores on the Hooper 
Visual Organization Test and Taylor-Osterrieth Copy.  Kolmogrov-Smirnov tests revealed that all 
of the BQSS distributions differed significantly from the normal curve, although the other 
nonverbal memory and visuoperceptual measures did not differ significantly from normal. 
Interrater Reliability     To confirm correct application of BQSS scoring procedures, the next 
analysis was performed to determine interrater reliability of the ROCF when employing the BQSS 
scoring criteria.  The investigator and an individual affiliated with the Stern laboratory 
(postdoctoral fellow) independently scored the Copy and Delay Recall productions from 10 
individuals using the procedures outlined in the BQSS Professional Manual (Stern et al, 1999).  
These 10 participants were randomly selected from each seizure group, and included 5 individuals 
from the L TLE group, and 5 from the right.  Each of the raters was blind to the others scores 
and to the seizure group from which the productions came.   
For each of the eight Copy Condition and eight Delay Condition scores that were selected 
by the experimenter based on a priori hypotheses, interrater reliability was determined using 
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intraclass correlation.  Based on recommendations in the literature (e.g., Newton & Rudestam, 
1999), BQSS scores were considered to show good reliability between raters if the intraclass 
correlation was equal to or greater than .80.  The results of the correlational analyses shown in 
Table 3 demonstrate that 6 of the 8 intraclass correlations were statistically significant and were 
greater than or equal to .80 for the Copy Condition.  Ratings were not sufficiently reliable for 
scoring of the Copy Cluster Presence (r = .64) and Copy Cluster Accuracy (r = .79) factors.  
Similarly, for the Delay Condition, 6 of the 8 intraclass correlations were statistically significant 
and were greater than or equal to .83.  Ratings were not reliable for the Delay Cluster Presence (r 
= .70) and Delay Fragmentation (r = .36) scores.  Thus, four scores did not reach adequate levels 
of reliability for independent rating, and they were excluded from subsequent analyses. 
Rater agreement for two Summary Scores of interest, Copy Presence and Accuracy 
(CPA) and Delay Presence and Accuracy (DPA), was also computed.  As depicted in Table 3, 
both intraclass correlations were significant (r = .95 and r = .98, respectively); interrater reliability 
was excellent for both Summary Scores. 
Table 3
Interrater reliability for BQSS Condition Scores and Summary Scores 
Intraclass correlation coefficient
Score Copy Delay
Configural Presence .80* 1.0*
Configural Accuracy .93* .93*
Cluster Presence .64 .70
Cluster Accuracy .79 .96*
Detail Presence .87* .94*
Fragmentation .85* .36
Planning .88* .83*
Perseveration .91* .91* ____________________________________________________
Copy Presence & Accuracy (CPA) .95* ----
Delay Presence & Accuracy (DPA) ---- .98*  
Note. * Accepted for further analysis if intraclass correlation coefficient > .80 
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Equivalence of PENCIL and VIDEO Administration Methods      As there was concern that 
pencil switching on the ROCF might disproportionately affect the R TLE group by exacerbating 
hypothesized group-related difficulties with production of the figure, participants were further 
divided within seizure group into individuals receiving the BQSS pencil-switching administration 
(PENCIL), and individuals videotaped while completed the ROCF without the switching of 
pencils (VIDEO).  Because all of the BQSS scores deviated from a normal distribution, use of 
nonparametric statistics was necessary.  Analyses were undertaken to examine whether scores on 
the BQSS variables were the same across administration method for the whole sample, and then 
for groups split according to seizure focus.  Nonparametric Mann-Whitney U tests (comparing 
rank means) were calculated for the whole sample and for each seizure group separately, with 
administration method (PENCIL vs. VIDEO) as the independent variable and scores on the 12 
BQSS variables as the dependent variables.  For the whole sample, no significant group difference 
was found for any of the BQSS scores (see Table 4).  Performance did not differ (across all 
seizure groups) according to whether the administration procedure had been pencil or video.  
Separate analyses were then conducted to examine the effect of administration procedure 
on each seizure group (Table 5).  Although the statistical power of the Mann-Whitney test may 
have been somewhat limited by the size of the cells being compared (n =10-15), for the L TLE 
group, a significant group difference was found for only 1 of the 12 BQSS variables, and after 
controlling for Type I error associated with the multiple DV comparisons (Bonferroni correction 
α = .05/12 = .004), this methodological difference was not significant (Delay Planning: z = -2.59, 
p = .01).  For the R TLE group, no significant main effect of administration procedure was found 
for any of the BQSS scores.  The switching of colored pencils during figure production did not 
cause a difference in the performance of R TLE individuals, when compared to the videotaped, 
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non pencil-switching procedure.  Thus, although a main effect of administration method was 
found for the L TLE individuals on one BQSS score, this effect was lost with adjustment of alpha 
level to control for Type I error.  Even prior to the Bonferroni adjustment, there was no main 
effect of administration method for data collapsed across all groups, or for the R TLE individuals 
when analyzed separately.  As the a priori concern had been that any detected differences in R 
TLE performance might be attributable to the differential consequences of pencil-switching on 
individuals with R TLE, and no significant effect was found, it was determined that data could be 
collapsed across administration method (within seizure locus) in order to increase the power of 
subsequent analyses. 
Note. * No significant group difference was found for any of the BQSS scores; p >.180 . 
Table 4
Median Scores (Rank Sums) of Selected BQSS Measures for PENCIL AND VIDEO; 
Collapsed Across Seizure Locus
Copy






22.4 (561.0) 23.7 (474.0) 236 -0.54
Configural 
Accuracy 24.3 (609.0) 21.3 (426.0) 216 -0.81
Detail Presence 23.7 (593.0) 22.1 (442.0) 232 -0.46
Fragmentation 22.3 (557.0) 23.9 (478.0) 232 -0.46
Planning 23.3 (581.5) 22.7 (453.5) 243.5 -0.16
Perseveration 22.5 (561.5) 23.7 (473.5) 236.5 -0.37
Delay
Configural Presence
23.2 (580.5) 22.7 (454.5) 244.5 -0.13
Configural 
Accuracy 25.1 (626.5) 20.4 (408.5) 198.5 -1.23
Cluster Accuracy 20.8 (520.0) 25.8 (515.0) 195 -1.33
Detail Presence 23.5 (587.0) 22.8 (455.0) 238 -0.31
Planning 25.6 (640.0) 19.8 (395.0) 185 -1.53
Perseveration 22.1 (553.0) 24.1 (482.0) 228 -0.53
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Table 5
Median Scores (Rank Sums) of Selected BQSS Measures for PENCIL 
and VIDEO; Within Seizure Group
Focus = Left








Presence 12.7 (190.0) 13.5 (135.5) 70  -.82
Configural 
Accuracy 13.7 (206.0) 11.9 (119.0) 64  -.65
Detail Presence 13.3 (200.0) 12.5 (125.0) 70  -.33
Fragmentation 13.3 (200.0) 12.5 (125.0) 70  -.30
Planning 13.7 (205.5) 12.0 (119.5) 64.5  -.62
Perseveration 12.0 (180.5) 14.5 (144.5) 60.5  -.98
Delay
Configural 
Presence 12.7 (191.0) 13.4 (134.0) 71  -.23
Configural 
Accuracy 14.1 (211.5) 11.4 (113.5) 58.5  -.95
Cluster Accuracy 11.1 (166.5) 15.9 (158.5) 46.5 -1.66
Detail Presence 13.2 (197.5) 12.8 (127.5) 72.5  -.17
Planning~  16.0 (239.5) 8.6 (85.5) 30.5 -2.59~
Perseveration 13.8 (207.0) 11.8 (118.0) 63  -.71
Focus = Right












Accuracy 11.2 (111.5)   9.9 (98.5) 43.5
 
-.51
Detail Presence 10.8 (107.5) 10.3 (102.5) 47.5  -.20
Fragmentation 9.3 (92.5) 11.8 (117.5) 37.5 -1.10
Planning 9.9 (99.0) 11.1 (111.0) 44  -.47
Perseveration 11.0 (110.0) 10.0 (100.0) 45  -.45
Delay
Configural 




Accuracy 11.0 (110.0) 10.0 (100.0) 45
 
-.42
Cluster Accuracy 10.1 (101.0) 10.9 (109.0) 46
 
-.33
Detail Presence 10.9 (108.5) 10.2 (101.5) 46.5  -.28
Planning  10.5 (104.5) 10.6 (105.5) 49.5  -.04
Perseveration 8.7 (87.0) 12.3 (123.0) 32 -1.47  
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Group Differences on Visual Memory and Visuoperceptual Tests      Table 6 lists the means and 
standard deviations for the nonverbal memory measures as a function of seizure focus.  Given the 
possibility of intercorrelation between the WMS-III nonverbal memory tasks (Faces and Family 
Pictures), a one-way MANOVA was conducted to examine the effect of seizure locus on 
nonverbal memory performance.  Age-corrected standard scores were determined for the 
Immediate and 30-minute Delay conditions of these tasks using the raw score to standard score 
conversion tables in the WMS-III manual.  The results for the MANOVA indicated no main effect 
for seizure locus on any of the WMS-III measures (Table 7).  The nonverbal memory 
performances of individuals with R TLE did not differ significantly from the performances of L 
TLE individuals on the WMS-III tasks.  However, the difference between the groups did 
approach significance for the Delay condition of Faces (Faces II; F (1, 43) = 3.31, p = .076), with 
the L TLE group performing somewhat better than the R TLE group. 
 
 
Note. Multivariate F ratio was generated from Wilks Lambda.  a Multivariate df = 4, 40. ~ Only contrast 
approaching significance; all other contrasts not significant. 
 
Table 6
Mean Scores and Standard Deviations for WMS-III Nonverbal Memory Measures 
WMS-III Nonverbal Memory Measure
    
Faces I Faces II Family Pictures I      Family Pictures II
Group M SD      M      SD  M SD  M      SD
Left TLE 9.4 2.87 9.3 2.83 7.4 3.27 6.9 3.66
Right TLE 8.2 2.28 7.8 2.38 6.9 2.65 7.1 2.58
Total Sample 8.9 2.67 8.6 2.71 7.2 2.99 6.9 3.19
Table 7
Multivariate Analysis of Variance for WMS-III Nonverbal Memory Measures
         Multivariate Univariate
     
Source df Fa   Faces I       Faces II       Family Pictures I    Family Pictures II
Seizure Locus 1 1.56 2.47 3.31 .357 .018   
      p 0.203 .123 .076~ .553 .894
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Table 8 lists the means and standard deviations for the visuoperceptual measures as a 
function of seizure focus.  A one-way MANOVA was conducted to examine the effects of seizure 
locus on performance on visuoperceptual tasks (Hooper Visual Organization Test and Street 
Gestalt Completion Test).  The MANOVA indicated no significant difference between right and 
left TLE groups on the visuoperceptual measures (Table 9).  Participants performance on 
visuospatial tasks did not differ significantly  
 
Note. Multivariate F ratio was generated from Wilks Lambda.  a Multivariate df = 2, 41. * No contrast 
reached significance. 
 
Group Differences on Taylor-Osterrieth Quantitative Scoring System     The Taylor-Osterrieth 
criteria (1959) were used to improve the reliability of the Osterrieth ROCF scoring system.  Copy, 
Delay, and Percent Retention (Delay/Copy) scores were calculated (Table 10).  Three 
independent samples t tests were conducted to evaluate group differences on the traditional 
quantitative scores.  A MANOVA was not performed because the arithmetic calculation of 
Table 8
Mean Scores and Standard Deviations for Visuoperceptual Measures 
Visuoperceptual Measures
Group Hooper VOT      Street Gestalt
         M       SD      M SD           
Left TLE 23.6 3.38      10.9 4.23
Right TLE 23.3 4.43      12.2 4.15
Total Sample 23.5 3.84      11.5 4.20
Table 9
Multivariate Analysis of Variance for Visuoperceptual Measures
         Multivariate Univariate
Source df Fa Hooper VOT      Street Gestalt
Seizure Locus 1 0.84 0.03 1.1
      p* 0.44 0.86 0.3  
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percent retention would have invalidated the covariance matrix.  As depicted in Table 11, there 
were no significant differences between groups using the Taylor-Osterrieth criteria for Copy (t 
(30.8)= 1.08, p = .289) Delay (t (43) = -.765, p = .449), or Percent Retention (t (43) = -1.13, p = 
.265).  Using the traditional quantitative scoring method, right TLE individuals did not differ 
significantly from left TLE individuals in their ability to copy or retain the complex figure. 
 
Table 10                
Group Differences for Taylor-Osterrieth Scoring     
           
   Left TLE   Right TLE    
ROCF Taylor Score  M SD  M SD df t 
Copy*  28 4.82  25.9 7.57 30.8 1.08 
          
Delay  10.8 6.6  12.4 7.33 43 -0.765 
          
Percent Retention   .38 .21  .45 .23 43 -1.13 
Note. Percent Retention = Delay/Copy. * t statistic for Copy score reported for equal variances not 
assumed as Levenes Test for Equality of Variances led to rejection of null hypothesis that population 
variances for the two groups were equal. All other t values are for populations with equal variances. 
 
Note. ** All coefficients are significant at p < .01. 
 
Comparison of the BQSS Summary Scores with the Taylor-Osterrieth Quantitative Scoring 
System      The convergent validity of the BQSS Summary Scores (Copy Presence & Accuracy 
(CPA) and Delay Presence & Accuracy (DPA)) was examined by comparing these scores with 
Table 11
Intercorrelations for BQSS Summary Scores and ROCF Taylor-Osterrieth Scores; 
Total Sample
ROCF Taylor-Osterrieth Scores
BQSS Summary Scores  Copy Delay
Copy Presence & Accuracy .933** .524**
Delay Presence & Accuracy .502** .858**
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those derived from the Taylor-Osterrieth quantitative scoring system.  For the whole sample (R 
and L TLE), the Pearson correlation between the BQSS CPA Summary Score and the Taylor-
Osterrieth Copy score was .933 (p < .001) indicating excellent convergent validity.  The Pearson 
correlation between the BQSS DPA Summary Score and the Taylor-Osterrieth Delay score (r = 
.858, p < .001) also demonstrated good convergent validity (Table 12).  As depicted in Table 12, 
significant correlations were also found when the analyses were performed on the data split into 
groups as a function of seizure locus. 
 
Note.  Intercorrelations for left TLE participants (n = 25) are presented above the diagonal, and 
intercorrelations for right TLE participants (n = 20) are presented below the diagonal. CPA = Copy 
Presence & Accuracy Summary Score; DPA = Delay Presence & Accuracy Summary Score. ** 
Coefficients are significant at p < .01. 
 
Group Differences on BQSS Scores      The primary goal of the current study was to examine 
whether the BQSS scoring system would allow for measurement of significant group differences 
in the ROCF productions of individuals with right or left temporal lobe epilepsy.  The means and 
standard deviations for the BQSS scores of interest are indicated in Table 13.  Because of the 
statistical characteristics of the BQSS variables (limited range, variables not normally distributed 
in standardization sample or in current sample), parametric tests (e.g., MANOVA) were not 
appropriate for analyzing this relationship.  Therefore, nonparametric Mann-Whitney U tests 
(comparing mean ranks) were calculated.  Results of the Mann-Whitney tests are listed in Table 
Table 12
Intercorrelations for BQSS Summary Scores and Taylor-Osterrieth Scores; 
Stratified by Seizure Locus
    BQSS Summary Scores ROCF Taylor-Osterrieth Scores
CPA DPA Copy Delay
BQSS CPA ---- .300 .835** .445
BQSS DPA       .678** ---- .316 .899**
Taylor Copy       .978** .642** ---- .352
Taylor Delay       .662** .861** .669** ----  
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14.  Unlike the parametric MANOVA, there is no analogous nonparametric test that allows for 
multiple comparisons while statistically maintaining the Type I error rate at a pre-established alpha 
level.  Thus, Bonferroni (or similar arithmetic) correction must be made to the alpha level to 
control for multiple comparisons.  Significant group differences were found for 2 of the 12 BQSS 
scores, however after adjustment for inflation of familywise alpha, (α = .05/12 = .004), these 
differences were no longer significant.  Given the limits of nonparametric testing, these results can 
best be interpreted as trends in the data.  In the copy condition, individuals with L TLE had 
somewhat higher scores on Configural Presence (z  = -2.07, p  = .038) and Detail Presence (z  = -
2.31, p  = .021) than individuals with R TLE.   
 
As Configural Presence and Detail Presence are two of the five scores that are summed 
when computing the Configural Presence and Accuracy Summary Score (CPA), an independent 
samples t test was conducted post hoc to evaluate whether the Summary Score also captured this 
Table 13
Mean Scores on Selected BQSS Measures 
Left TLE Right TLE
BQSS Measures M   SD M     SD
Copy
Configural Presence 3.96 0.20 3.65 0.67
Configural Accuracy 2.40 0.91 2.30 1.38
Detail Presence 3.64 0.49 3.15 0.75
Fragmentation 2.40 0.91 2.65 0.59
Planning 2.04 0.98 1.75 1.16
Perseveration 3.52 0.82 3.45 0.89     
Delay
Configural Presence 2.32 1.25 2.45 1.50
Configural Accuracy 1.80 1.38 1.15 1.46
Cluster Accuracy 1.24 0.93 0.85 0.75
Detail Presence 0.96 0.68 1.05 0.76
Planning 2.36 1.11 2.20 1.11
Perseveration 2.88 0.97 3.10 1.12
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difference in seizure group performance.  The test was not significant (t = 1.23, p = .231).  
Individuals with R TLE did not have significantly lower CPA Summary scores than individuals 
with L TLE. 
Note. ~ Coefficients significant at p < .05, however not significant after Bonferroni correction for 
multiple comparisons (α =.05/12 = .004). All other comparisons not significant. 
 
Comparison of BQSS Scores with Other Neuropsychological Tests     To explore the constructs 
underlying BQSS analysis, Pearson correlation coefficients were derived to examine the 
relationship between the 12 BQSS scores and performances on adjunctive neuropsychological 
measures.  Separate analyses were performed for the nonverbal memory and visuoperceptual 
tasks to decrease the number of comparisons made in each correlational matrix.  It is important to 
note that several, but not all, of the BQSS scores were significantly intercorrelated with one 
another.  Table 15 presents the intercorrelations between the BQSS scores.   
 
Table 14
Median Scores (Rank Sums) of the Selected BQSS Measures









Configural Presence~ 25.1 (628.5) 20.3 (406.5) 196.5 - 2.07~
Configural Accuracy 22.9 (571.5) 23.2 (463.5) 246.5 -0.08
Detail Presence~ 26.6 (665.5) 18.5 (369.5) 159.5 - 2.31~
Fragmentation 21.9 (548.0) 24.4 (487.0) 223.0 -0.69
Planning 24.5 (613.5) 21.1 (421.5) 211.5 -0.92
Perseveration 23.4 (584.0) 22.6 (451.0) 241.0 -0.25
Delay
Configural Presence 22.4 (584.0) 23.8 (475.5) 234.5 -0.37
Configural Accuracy 25.6 (640.5) 19.7 (394.5) 184.5 -1.57
Cluster Accuracy 25.3 (633.5) 20.1 (401.5) 191.5 -1.41
Detail Presence 22.1 (553.0) 24.1 (482.0) 228.0 -0.57
Planning 23.1 (578.5) 22.8 (456.5) 246.0 -0.08
Perseveration 21.6 (539.0) 24.8 (496.0) 214.0 -0.87
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Note. ** Correlation significant at p < .004 after Bonferroni correction for multiple comparisons (α 
=.05/12 = .004); ~ p = .004. 
 
Correlations between the 12 BQSS scores and the four scores on the nonverbal memory 
measures are presented in Table 16 for all study participants.  After controlling for Type I error 
with a Bonferroni correction (α = .05/16 = .003), none of the BQSS scores were significantly 
correlated with any of the nonverbal memory scores for the whole sample, although the 
correlation between 30-minute delayed Faces (Faces II) performance and Delay Configural 
Accuracy approached significance (r = .304, p  = .042).   
When the sample was split into seizure groups, several correlations between BQSS Copy 
scores and nonverbal memory scores approached significance in the R TLE group (see Table 17), 
but none reached the corrected significance level.  There were no correlations at or approaching 
significance between Delay BQSS scores and nonverbal memory scores for the R TLE group, and 
there were no significant correlations for the L TLE group for either the Copy or Delay BQSS 
Table 15
Intercorrelations for Selected BQSS Measures
BQSS Score 1 2 3 4 5 6
Copy
Configural Presence --- .649** .591**       -.113 .449**    .490**
Configural Accuracy --- .497**        .276 .538**   .362
Detail Presence     --- .057 .025 .358
Fragmentation  --- .518**   -.043
Planning  --- .151
Perseveration  ---
Delay
Configural Presence --- .552** .095          .570** .251        -.075
Configural Accuracy  --- .301           .446** 322        -.990
Cluster Accuracy    --- .186 .022 -.075
Detail Presence --- .144       -.031
Planning     ---  .054
Perseveration ---  
    
 45
scores.  These results suggest differentiation of the BQSS Delay scores from a nonverbal memory 
factor.  In other words, the BQSS Delay scores did not correlate with scores from other 
nonverbal memory measures, either for the whole group or for the seizure groups when 
considered separately.  Thus, the BQSS appears to be assessing a different cognitive process. 
 
Note. None of the correlations were significant at p < .003 after Bonferroni correction for multiple 
comparisons (α =.05/16 = .003); ~ Trend towards significance, p < .05). 
 
Table 18 presents correlations between the 12 BQSS scores and the 2 scores on the 
visuoperceptual tasks across both seizure groups.  For the whole sample, after controlling for 
Type I error with an α set to p  =. 004 (α = .05/14 correlations), there were significant 
correlations between Hooper performance and Copy Configural Presence score (r = .524, p < 
.001) and Hooper performance and Copy Configural Accuracy score (r = .470, p = .001).  There 
were trends towards significant correlations between Hooper performance and Copy Detail 
Presence (r = .399, p  = .007), Copy Planning (r = .385, p  = .009), Delay Configural Accuracy (r 
Table 16
Intercorrelations for Selected BQSS Measures and WMS-III Nonverbal Memory Measures; 
Total Sample
WMS-III Nonverbal Memory  
BQSS Measures Faces I Faces II Family Pictures I Family Pictures II
Copy
Configural Presence -.050 -.048 .288 .244     
Configural Accuracy -.077 .033 .147 .034     
Detail Presence -.037 .174 .257 .091     
Fragmentation -.188 .013 -.054 -.086
Planning -.036 .035 .163 .120
Perseveration -.006 .098 .186 .105     
     
Delay
Configural Presence .012 .135 .251 .154
Configural Accuracy .080 .304~ .187 .067
Cluster Accuracy .013 .196 .083 .075
Detail Presence -.024 .083 .140 .101
Planning -.016 .151 .189 .070
Perseveration -.100 .013 .090 .007
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= .369, p = .013), and Delay Planning (r = .310, p = .038).  For the whole sample, performance 
on the Gestalt closure task was not significantly correlated with any of the BQSS scores.   
 
Note. None of the correlations were significant at p < .003 after Bonferroni correction for multiple 
comparisons (α =.05/16 = .003); ~ Trends towards significant, p < .05). 
 
Note.** Correlation significant at p < .004 after Bonferroni correction for multiple comparisons (α =.05/14 
= .004); ~ Trends towards significance, p < .05) 
Table 17
Intercorrelations for Selected BQSS Measures and Nonverbal Memory Measures; 
Stratified by Seizure Locus
BQSS Measures Visuoperceptual Measures
Faces I Faces II FamPix I FamPix II
Copy Left Right Left Right Left Right Left Right
Configural Presence -.041 -.227 .018 -.079 .156 .423 .223 .405
Configural Accuracy .010 -.204 .155 -.109 -.034 .339 -.090 .187
Detail Presence -.297 .012 .035 .137 -.079 .594~ -.179   .460~
Fragmentation -.149 -.180 .106 -.053 -.006 -.125 -.027 -.265
Planning -.081 -.059 -.064 .076 -.019 .383 .001 .319
Perseveration .040 -.099 .177 -.030 -.027 .490~ - .110   .472~
     
Delay
Configural Presence -.157 .264 .130 .189 .178 .368 .106 .238
Configural Accuracy .065 -.025 .385 .085 .112 .262 .087 .054
Cluster Accuracy .068 -.260 .247 -.048 .019 .152 .080 .086
Detail Presence -.119 .146 .071 .152 .140 .159 .117 .079
Planning -.078 .017 .249 .039 .287 .091 .253 -.142
Perseveration -.339 .280 -.186 .344 .188 -.014 .103 -.147
       
Table 18
Intercorrelations for Scores BQSS Measures and Visuoperceptual Measures; 
Total Sample  
Visuoperceptual Measures
BQSS Measures Hooper VOT Street Gestalt
Copy
Configural Presence .524** .235
Configural Accuracy .470** .301
Detail Presence .399~ .185
Fragmentation .073 .024
Planning .385~ .165
Perseveration .153 .225     
Delay
Configural Presence .220 .169        
Configural Accuracy .369~ .133
Cluster Accuracy .192 .039
Detail Presence .201 .008
Planning .310~ .098
Perseveration .146 .292
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When the sample was split according to seizure focus, the correlation between Hooper 
performance and Copy Configural Presence remained significant for the R TLE group (r = .690, p  
= .001).  The correlations between Hooper performance and Copy Configural Accuracy (r = .541, 
p  = .014), Copy Detail Presence (r = .561, p = .010), Copy Planning (r = .570, p = .009), Copy 
Perseveration (r = .509, p  = .022), and Delay Configural Accuracy (r = .522, p  = .018) 
approached significance for the R TLE group, but the p values for the correlations did not meet 
the corrected significance level of .004 (see Table 19).  For the L TLE group, the correlations 
between Gestalt closure performance and Copy Configural Accuracy (r = .500, p  = .013) and 
Delay Perseveration (r = .497, p  = .013) approached significance, but did not satisfy the 
corrected significance level for rejection of the null hypothesis (α = .004).  Overall, the above 
correlational analyses suggest convergence of BQSS scores with measures of visuoperceptual 
functioning.  The BQSS scores, particularly for the Copy condition, appear to be measuring a 
cognitive process similar to that measured by tests of visuoperception.  Of interest, for individuals 
with R TLE seizures, BQSS Copy scores were more closely correlated with a measure of 
visuoperceptual organization (Hooper Visual Organization Test), whereas for individuals with L 
TLE, performance on Copy (and Delay) BQSS factors was more closely correlated with a 
measure of visuoperceptual completion (Street Gestalt Closure Test).   
Calculation of Effect Sizes     To evaluate the magnitude of the difference between the L and R 
TLE groups on administered tests, a post-hoc analysis of effect size was conducted for the 
nonverbal memory and Taylor-Osterrieth scores using a MANOVA, as the range of scores on 
these tests was normally distributed and the population variances and covariances were equivalent 
(evaluated with Kolmogrov-Smirnov and Boxs M statistics). Eta2 values are reported in Table 
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20.  Scores ranged from <. 01 to .07, corresponding to negligible effect sizes.  The smallest effect 
sizes were seen for the WMS-III Family Pictures immediate and delayed recall tasks. 
 
Note.** Correlation significant at p < .004 after Bonferroni correction for multiple comparisons 




Intercorrelations for Selected BQSS Measures and Visuoperceptual Measures; 
Stratified by Seizure Locus
 Visuoperceptual Measures
BQSS Measures Hooper VOT Street Gestalt
 Copy     
Left TLE Right TLE Left TLE Right TLE    
Configural Presence .195       .690** .297 .370
Configural Accuracy .357       .541~   .500~ .167
Detail Presence .175       .561~ .386 .176
Fragmentation .141     .009 .172 -.344
Planning .149       .570~ .119 .268
Perseveration -.249       .509~ .281 .178
     
Delay
Configural Presence .052 .360 .266 .055
Configural Accuracy .203 .522~ .029 .350
Cluster Accuracy .141 .252 .235 - .142
Detail Presence .250 .168 .133 -.154
Planning .339 .287 .240 .001
Perseveration .248 .074   .497~ .046
Table 20
Effect Sizes for Nonverbal Memory and Taylor-Osterrieth Scores
Neuropsychological Test Eta2 Value
WMS-III Faces I 0.054
WMS-III Faces II 0.071
WMS-III Family Pictures I 0.008
WMS-III Family Pictures II < .001
Taylor Copy 0.029
Taylor Delay 0.013
Taylor Percent Retention 0.029
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DISCUSSION 
In popular literature, the right hemisphere is ascribed specialized abilities, from the control 
of practical traits such as visual and spatial functions, to the direction of creative thought, dreams, 
and intuition (Stine & Benares, 1994).  By contrast, in the clinical literature, the right hemisphere 
often plays a lesser role, with investigations of the higher functions of the dominant, verbal, left 
hemisphere more prevalent.  As Heilman, Bowers, Valenstein, and Watson (1986) note, even 
today, clinicians may believe that other than sensory or motor function, the right hemisphere 
mediates no other important behavioral abilities.  Surgeons may feel more at ease when removing 
tumors or epileptic foci from nondominant areas because they are less concerned about causing 
residual behavioral deficits, and patients may not appreciate their limitations after right hemisphere 
stroke or head injury, such as hemisensory neglect or hemispatial neglect, because their deficits 
are not readily apparent to the casual observer (Heilman et al., 1986).  However, over the last 
four decades, there has been a movement in neurology and psychology to study the functions of 
the right hemisphere, and this area of investigation is particularly important for the 
neuropsychologist, who is often asked to assist with localization of dysfunction in individuals with 
subtle cognitive impairment.   
The present study had two major objectives, each of which aimed to examine right 
hemisphere functioning in patients with intractable temporal lobe epilepsy.  The first objective was 
an attempt to characterize differences in nonverbal memory functioning in individuals with right 
versus left temporal lobe seizures, using a newly developed qualitative scoring system (Boston 
Qualitative Scoring System; BQSS) for a traditional figural memory test (Rey Osterrieth Complex 
Figure; ROCF).  It was hoped that using this new system would improve lateralization of seizure 
focus (i.e., right or left) in a clinical sample, where the standard scoring system had failed in 
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previous investigations (Barr et al., 1997b; Loring et al, 1998).  The underlying hypothesis was 
that standard quantitative scoring systems had not been able to consistently identify differences 
between R and L TLE groups because they did not evaluate how the individual went about 
producing the design.  The BQSS purports to be a better measure of this process, by allowing for 
judgments of planning and assessment of an individuals appreciation for unified elements of the 
design.  Based on a review of the literature, the a priori hypothesis was that a standard 
quantitative scoring system (Taylor-Osterrieth) would not differentiate between individuals with L 
and R TLE, but that the BQSS would allow this discrimination.  Individuals with R TLE were 
expected to perform more poorly on the BQSS, particularly on measures of planning and 
organization.  A secondary objective of the current investigation was to explore the relationship 
between the ROCF and additional nonverbal memory and visuoperceptual measures, to further 
characterize the neuropsychological construct being evaluated by the BQSS. 
In brief, the results of the current study are as follows: (1) As predicted by the literature 
review, seizure groups did not differ on the Taylor-Osterrieth quantitative scoring system.  (2) 
The a priori expectation that individuals with R TLE would do worse than individuals with L TLE 
on BQSS measures of planning and organization was not met.  Also, using the BQSS method, 
seizure groups did not differ in their ability to remember the figure after a delay.  (3) There were 
trends towards somewhat poorer performance by the R TLE group on two BQSS scales, those 
measuring the presence or absence of structurally important shapes and lesser details, but these 
contrasts did not reach statistical significance after alpha level adjustment to control for Type I 
error.  (4) Individuals with R TLE did not perform more poorly than their L TLE peers on 
additional measures of nonverbal memory and visuoperception.  (5) Performance on the BQSS 
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was correlated with measures of visuoperception, but not with additional measures of nonverbal 
memory. 
In the current study, individuals with R TLE tended to omit elements of the design in their 
copies of the ROCF.  However, memory was not significantly impacted, either on the ROCF or 
on additional measures of nonverbal memory, relative to their L TLE peers.  The lack of memory 
difference between the L and R TLE groups lends support to Barrs (1997a) challenge of the 
assumed critical link between nonverbal memory and the right temporal region. There are 
several explanations for why few significant differences between TLE groups have been found, in 
this and in prior studies, in testing with nonverbal memory:  (1) The commonly administered tests 
of nonverbal memory may not have adequate sensitivity to detect subtle group differences in this 
population; (2) Individuals with seizures may all be impaired regardless of specific EEG locus, if 
only subtly (an epilepsy effect), obscuring any between-group differences on measures of 
specific functions; and/or (3) The figural memory tests used to evaluate nonverbal memory are 
actually better characterized as measures of visuoperception.  This final possibility will be 
explored further using theories of visual processing. 
Power of the Administered Tests      Cohen (1962, 1992) and others (recently, Bezeau & Graves, 
2001; Zakzanis, 1998) have called for reporting of effect sizes in their remarks criticizing the 
overdependence of researchers on levels of statistical significance.  In psychological research, the 
finding of no difference between groups on a particular test or attribute may be suspect if the 
sample was not of sufficient size to allow for adequate statistical power in testing the null 
hypothesis.  Alternatively, the magnitude of the difference between the groups (i.e., effect size) 
may be so small as to require an unfeasibly large sample to have adequate power to detect this 
difference.  To address this issue, indices of effect size were examined for the WMS-III subtests 
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and the ROCF Taylor-Osterrieth scores from the value of eta2 on a post-hoc MANOVA, as the 
range of scores on these tests was normally distributed and the population variances and 
covariances were equivalent (evaluated with Kolmogrov-Smirnov and Boxs M statistics).  By 
convention, researchers aim for sufficient power to identify medium effect sizes, with 
corresponding eta2 values between .25 and .39 (Hinkle, Wiersma, & Jurs, 1994).   
In the current study, the eta2 values for the WMS-III nonverbal memory and ROCF 
Taylor-Osterrieth scores ranged from <. 01 to .07, corresponding to negligible effect sizes.  The 
smallest effect sizes were seen for the WMS-III Family Pictures immediate and delayed recall 
tasks.  According to Cohen (1992), each seizure group would have to include at least 586 
individuals in order to have sufficient power (.80) to detect these small differences between the 
groups.  Thus, failure of the nonverbal memory tasks to detect these very subtle differences does 
not appear to be due to the small N of this sample and others reported in the literature.  Rather, it 
appears to be either that the administered tests are not sensitive enough to detect such small 
differences between the groups, or, that there truly is no significant difference between the R and 
L TLE samples on typical nonverbal memory tasks.  One proposed reason for the equivalence of 
seizure groups is possible reorganization or redistribution of cognitive functions in patients with 
chronic, longstanding epilepsy, such that dysfunction in a specified region would not disrupt 
abilities usually ascribed to that region.  The literature in the area (e.g., Lee et al., 1989, Meldrum 
& Bruton, 1992) suggests that reorganization is more likely to occur in individuals with an early 
age of seizure onset (infancy or early childhood).  However, the current sample actually appears 
to have a later age of seizure onset (21.9 years) than most samples reported in the literature (e.g., 
11.9 years; Strauss et al., 1995).  Thus, cerebral reorganization or plasticity is not likely the 
primary explanation for the current findings. 
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Epilepsy Effect     Another possible explanation for the repeated failure of attempts to detect a 
difference between R and L TLE groups on nonverbal memory tasks may be that all individuals 
with seizures demonstrate cognitive impairment regardless of seizure locus (an epilepsy effect).  
This generalized impairment may obscure subtle between-group differences that would otherwise 
be seen on measures of right hemisphere functioning.  For example, Miller, Munoz, and Finmore 
(1993) reported deficits in figural memory performance (on the ROCF) for patients with 
hippocampal sclerosis of either temporal lobe.  Although focal seizure effects are more often 
described, several authors have commented on an overall depression of cognitive functions in 
patients with epilepsy (e.g., Binnie, 1994; Dreifus, 1992; Haynes & Bennett, 1992).  These 
findings are likely due to a complex interaction between several factors, including disruption of 
cognitive development with early seizure onset (Glosser, Cole, French, & Saykin, 1997), 
metabolic and excitoxic effects of seizures (Dreifus, 1992), anticonvulsant medication effects 
(Meador et al., 1990), the consequence of sleep disturbance, (Stores, Wiggs, & Campling, 1998) 
and the presence of interictal abnormal electrographic discharges (Binnie, Channon, & Marston, 
1991).  Accordingly, in the current sample, if both groups did poorly on the administered tests 
because of a general epilepsy effect, then the presence of any true difference between the 
groups might have been eclipsed by the overlap (i.e., similarly poor performance) between them.   
The above hypothesis receives some support, in that the mean performances of the current 
sample varied from the lower end of the average range to the impaired range on the administered 
tests (Tables 6 and 8), as compared to normative samples reported in the respective test manuals 
or the literature.  Specifically, the mean age-corrected standard scores for Faces I and II fell in the 
lower end of the average range (37 %ile), and the mean age-corrected standard scores for Family 
Pictures I and II were low average (16 %ile).   
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The samples mean raw score for the Hooper Visual Organization Test of 23.5 correct 
falls below the cutoff score of 25 reported by Boyd (1981; in Spreen & Strauss, 1998) that 
correctly classified 74 percent of brain-damaged subjects and healthy controls, although Lezak 
(1995) reports a more lenient cutoff of 11 failures (raw score = 19) as indicative of organic brain 
pathology.  The Street Gestalt closure test has remained a largely experimental task and 
normative data is not available, however it was included to evaluate aspects of visuoperceptual 
integration (e.g., ability to see individual lines as a unified element) that might be related to ROCF 
performance.  Comparison of the current samples mean raw percent correct (11.5/24 items = 
47.9%) to that of normal subjects in the sample reported by Wasserstein, Zapulla, Rosen, 
Gerstman, & Rock (1987) (50.2%), suggests relatively adequate performance on this task.   
On the ROCF, using the Taylor-Osterrieth explicit scoring criteria and normative data 
from Spreen & Strauss (1998) for individuals aged 40-49 years (as the mean age of this sample 
was 41 years), the current sample performed in the impaired range on the copy task (2 %ile) and 
the low average range after the delay (21 %ile). The delay percentile is likely somewhat of an 
overestimate of this samples performance, as the normative sample reported in Spreen & Strauss 
did not receive the immediate recall condition, the inclusion of which has been suggested by 
several authors to have a facilitatory effect on delayed performance (e.g., Loring et al., 1990; see 
earlier discussion under Development of the Rey-Osterrieth Complex Figure).   
Finally, examination of two Summary Scores from the BQSS procedure for the ROCF 
(CPA, DPA), suggests that the mean copy performance of the sample was in the lower end of the 
average range (24 %ile), and the mean of the samples delay performance was low average (16 
%ile), as compared to a male normative sample aged 40-59 years (percentiles were slightly higher 
for a female normative sample of the same age range).   
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Thus, the overall performance of the sample was below expectation (low average), lending 
some support to the hypothesis that a common epilepsy effect may have obscured group 
differences, if they were present.  Of note, scores were not so impoverished as to reflect a floor 
effect, rather it appears that both of the seizure groups performed slightly worse than the 
normative samples, with some members of each group performing well and some performing 
poorly.  Inspection of line graphs of scores on the nonverbal, visuoperceptual, and ROCF Taylor-
Osterrieth tasks does indeed demonstrate considerable overlap between the distributions of the 
two seizure groups.  Appendix G provides an example of the overlap between the distributions of 
the R and L TLE groups for the Taylor-Osterrieth Delay score. 
The ROCF as a Measure of Visuoperception     Despite its promise, the BQSS did not allow for 
discrimination between the nonverbal memory performances of the two groups in this sample.  
Thus, there remains a need to identify neuropsychological tests that can measure dysfunction in 
the right temporal region in presurgical epilepsy candidates.   
Neuropsychological testing helps assist surgical planning, which depends on accurate 
localization of dysfunction.  The failure of investigators to identify reliable measures of right 
temporal dysfunction in the epilepsy population may not be due to problems with sample 
characteristics.  Instead, the ROCF and similar figural memory tests may not actually be 
measuring nonverbal memory.  The current studys finding, that BQSS scores were more strongly 
correlated with measures of visuoperception than with measures of nonverbal memory, provides 
support for this theory.  Barr (1997b) also questions the validity of figural reproduction as a 
measure of nonverbal memory, and he advances the opinion that a greater emphasis should be 
placed on development and testing of theoretical models of functioning rather than reporting of 
findings from a particular task. In this sample, there is a trend in the data that suggests that right 
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temporal lobe dysfunction is associated with deficits in visual processing.  Therefore, the results of 
the current study may best be viewed within the framework of cognitive and anatomical visual 
processing theories that have been proposed over the last twenty years.  In brief, it may be more 
appropriate to consider the ROCF test as a measure of visuoperception, and to develop scoring 
systems that evaluate aspects of visual processing and integration. 
Visual Processing and Levels of Hierarchical Analysis     Interest in vision and 
visuoperception has led investigators to attempt to characterize more complex aspects of visual 
processing and encoding.  In 1982, Ungerleider and Mishkin were among the first to describe two 
parallel streams of visual processing beyond the primary visual areas of the occipital lobe.  They 
termed these visual pathways dorsal, extending from primary visual cortex superiorly to primary 
and secondary visual association areas in the inferior parietal lobe, and ventral, going from 
primary visual cortex inferiorly to visual association areas in the inferior temporal lobe and 
extending forward to the temporal pole (Haxby et al., 1991).  The dorsal stream is described as 
responsible for determining where visual information is located (i.e., location, size, orientation), 
and the ventral stream is concerned with what properties describe the stimulus being viewed 
(i.e., shape, color, texture).   
Beyond the simple registration of visual information, researchers have also been interested 
in how the brain further processes details of the visual field.  According to theories of hierarchical 
analysis, objects or scenes are processed at different levels of scale.  When viewing an object, it 
may be perceived as an overall form (global processing) or as a collection of component parts 
(local processing) (Massman et al., 1993).  Others have described this information processing 
asymmetry as part/whole processing (Robertson & Delis, 1986) or featural and contextual 
processing (Milberg, Hebben, & Kaplan, 1996).  There is some evidence that the global/local 
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dichotomy also applies to other sensory modalities.  Lassonde et al. (1999) described a 13-year-
old girl with a right temporal lobe lesion who demonstrated a loss of global perceptual processing 
affecting both recognition of visual stimuli as well as discrimination of melodies. 
A review of the visual processing literature suggests a hemispheric difference for the level 
of visual analysis made (Brown & Kosslyn, 1993).  The left hemisphere appears relatively better 
at processing component parts (local level), whereas the right hemisphere has relatively better 
ability to process overall patterns (global level) (Robertson, Lamb, & Knight, 1988).  Lezak 
(1995) suggests that the left hemisphere may prefer to process information on the local level 
because this allows for dissection of a complex visual percept into details that can be identified 
and conceptualized verbally (e.g., number of lines, resemblance to other known stimuli).   
A clever experimental paradigm for measuring the dissociation between these two levels 
of visual analysis (described in Navon, 1977) involves presentation of large letters (global level) 
formed by arranging sets of smaller letters (local level).  Performance on this task has been 
measured in a variety of ways, included assessment of hemispheric preference based on 
tachistoscopic presentation of stimuli (e.g., Kimchi & Merhav, 1991), time to identify a target 
letter presented in either the global or local condition (e.g., Heinze, Hinrichs, Scholz, Burchert, & 
Mangum, 1998), or measurement of the interference of global or local competing stimuli on a 
Stroop-like variation (e.g., Doyon & Milner, 1991).  Kimchi & Merhav (1991) reported a right 
visual field (left hemisphere) advantage for detection of local form, and a left visual field (right 
hemisphere) advantage for detection of global form using tachistoscopic presentation of Stoop-
like stimuli.  In a study by Robertson & Delis (1986), lesions to the posterior superior temporal 
gyrus in the right hemisphere produced selective difficulty identifying features at the global level, 
with homologous lesions in the left hemisphere resulting in selective difficulty in local analysis.  
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Similarly, Doyon & Milner (1991) found that patients with right temporal lobe lesions were less 
affected by interference of global aspects of a stimulus on a Stoop-like visual processing task than 
those with left temporal lesions.  Damage in the temporal lobe has also been associated with 
slowed global, relative to local, perceptual processing following tumor resection (Ferman, 1997). 
Research with neuroimaging techniques has demonstrated relative, but not necessarily 
absolute, differences in each hemispheres proficiency for global or local visual analysis.  In 
nonhuman primates (macaques), Tanaka, Onoe, Tsukada, & Fujita (2001) found greater PET 
activity in right posterior temporal structures during discrimination of global features, and more 
activation in left inferior temporal structures when discriminating local features.  Using ERP 
analysis, Yamaguchi, Yamagata, and Kobayashi (2000) described dissociation of right temporal-
parietal and left posterior temporal activation in humans during orientation (attentional 
allocation) to the global or local levels of target stimuli, respectively.  Heinze et al. (1998) used a 
combined ERP and PET approach to evaluate hemispheric asymmetry for the early and later 
stages of local and global visual processing.  During selective attention, neither hemisphere 
showed preferential activation for either global or local targets, however, during a divided 
attention task, the N2 (260 to 360 msec latency) component of the ERPs showed asymmetries, 
with slightly larger amplitude over the left hemisphere for local targets, and increased cerebral 
blood flow over the right hemisphere for global targets.  Thus, early rudimentary visual analysis 
may not require specialized processing, whereas more in-depth stages of visual analysis may 
require discrete neuroanatomical substrates for extraction of more complex features (Heinze et 
al., 1998). 
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Integration with Current Study      As several authors have noted (e.g., Akshoomoff 
& Stiles, 1995; Stern et al., 1999) processing of the ROCF can occur on both the global and local 
level, as the stimuli can be conceptualized as a complex figure comprised of unified modules (e.g., 
continuous shapes) made up of individual line elements.  Thus, models of visual processing and 
hierarchical analysis may provide a framework for further examination of R versus L TLE 
performance on figural reproduction tasks. 
Differences between the R and L TLE groups in the current study reflected a tendency for 
individuals with R TLE to omit elements of the ROCF during the Copy condition.  As described 
previously, the BQSS introduces a hierarchical model for organizing the relationship between 
elements in the ROCF, where inclusion of Configural Elements is conceptualized as reflecting an 
appreciation for the whole structure of the figure, and reproduction of Clusters and Details 
suggests awareness of the component parts within that whole.  In line with theories of 
hemispheric specialization for aspects of visual analysis, Stern et al. (1999) suggest that 
dissociation between the Presence scores for Configural Elements, Clusters, and Details may 
reflect lateralized brain damage.  For example, according to these theories, an individual with left 
hemisphere damage would be expected to include more of the Configural Elements and omit 
Clusters or Details, whereas an individual with right hemisphere damage might include fewer 
Configural Elements and more Details in their productions.  Unexpectedly, our group of right 
TLE patients omitted both Configural Elements and Details.  Stern et al. (1999) suggest that this 
pattern reflects the absence of lateralized brain damage.  However, in this sample, omission of 
global and local features of the design may actually reflect a failure to integrate both contextual 
and featural information in processing the complex figure. Thus, abnormal epileptiform activity 
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and seizures in the right temporal lobe may disrupt a visual integration area important for the 
assimilation of whole with parts.   
Given that regions of the anterior and inferior temporal cortex have been identified as 
visual association areas, it is conceivable that dysfunction of these regions associated with TLE 
could disrupt complex visual processing and integration.  Neurons in the anterior temporal cortex 
have been found to respond selectively to complex visual stimuli, and this area is active during 
novel but not familiar presentation of a visual stimulus (Baylis & Rolls, 1987).  In monkeys, 
lesions of this area produce deficits in learning and performance on visual memory tasks 
(Nakamura & Kubota, 1996), and in humans, right hippocampal metabolic abnormalities have 
been associated with deficits on a measure of facial recognition (Martin et al., 1999).  PET studies 
suggest that basic functions like facial matching (Haxby et al, 1991) and gender identification 
(Sergent, Ohta, & MacDonald, 1992) appear to activate posterior regions of the temporal lobe 
closer to the visual cortex (e.g., posterior fusiform gyrus), whereas more complex tasks, such as 
identifying a unique individual, activate more anterior regions (e.g., mid-fusiform gyrus) (Haxby 
et al., 1991).  Sergent et al. (1992) proposed that processing of a complex visual stimulus may 
require activation of an even more elaborate network, and they reported PET activation extending 
to medial and anterior regions of the inferior temporal lobe, including the parahippocampal gyrus 
and temporal pole, when subjects were engaged in retrieval of knowledge about an individual, 
such as that persons name or profession.   
In the primate brain, Miyashita, Okuno, Tokuyama, Inara, and Nakajima (1998) found 
evidence that disconnection of the anterior temporal cortices from one another, by way of anterior 
commisurotomy, specifically impaired visual associative learning, leaving visual discrimination 
functions intact.  Mendola et al. (1999) also described intact basic visual discrimination of simple 
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stimuli following right temporal lobectomy, however Milner (1968), Fedio, Martin, & Brouwers 
(1984), and Hermann et al. (1993) have all described deficits in more complex visual perception 
after right temporal lobe damage or resection.  In a study of TLE, individuals who underwent 
either left or right anterior temporal lobectomy declined (from presurgical levels) in their ability to 
recognize faces (Hermann et al., 1993).   
Damage to posterior portions of the temporal lobe has been associated with a variety of 
visuoperceptual abnormalities, such as deficits in visual discrimination, whereas damage or 
removal of anterior portions has been associated with subsequent impairment in object recognition 
(Haxby et al., 1991).  Lansdell (1970) reported both spatial disorientation and difficulty 
recognizing complex, fragmented, or incomplete visual stimuli following cortical lesions in the 
right temporal lobe, and Helmstaedter, Pohl, Hufnagel, & Elger (1991) described visuospatial and 
visuoconstructional errors on a sustained attention and visuoconstruction task in a sample of 
presurgical patients with right temporal and bitemporal epileptic involvement.  Visuoconstruction 
deficits were also associated with regional volume loss of the right, but not left, temporal cortex 
in a sample with probable Alzheimers dementia (Cahn-Weiner, 1999).  Thus, the preceding 
cursory review of the visual processing literature suggests an important role for the temporal lobe, 
and specifically the right temporal lobe, in the integration of visual information. 
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CONCLUSIONS 
In summary, given that participants with seizures of right temporal lobe origin in the 
current sample tended to have difficulty only with inclusion of elements of the ROCF in their 
copies, but not in figure recall, further investigations may find that right temporal lobe structures, 
particularly right anterior temporal lobe structures, play an important role in the analysis and 
integration of complex visual stimuli.  A scoring system for the ROCF that evaluates aspects of 
visual analysis may prove useful in differentiating right from left temporal lobe dysfunction.  Kirk 
and Kelly (1986) developed a scoring system for the ROCF designed to evaluate drawing 
strategies from a part/whole perspective, and this may deserve further consideration. 
An alternate hypothesis to the visual integration theory may be simply that the omissions 
demonstrated by the R TLE group reflect poor attention to the visual details of the figure during 
copy, as individuals with right hemisphere damage have been described as having a general deficit 
in directed attention (Lezak, 1995).  However, one might posit that this inattention would likely 
impair memory as well, by interfering with encoding of an adequate amount of information for 
later recall.  In this study, individuals with seizures emanating from the left temporal lobe 
performed as poorly as those with right temporal seizures in their recall of the figure.  Thus, the R 
TLE group appeared to be demonstrating equivalent attention to the stimuli as the L TLE 
patients.  Administration of a test of sustained visual attention to both R and L TLE groups may 
help clarify the contribution of directed attention to the current findings.   
Further investigations could also include confirmation and extension of visual processing 
and integration theories by administering the cognitive global/local letter task to patients who 
have already undergone right or left temporal lobe resection.  Presentation of ambiguous 
global/local stimuli during direct stimulation of anterior temporal lobe areas in patients with 
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implanted electrode grids would also allow for exploration of hemispheric lateralization and 
determination of anatomical regions associated with visual processing and visual integration.  
Functional neuroimaging (e.g., fMRI, PET) of complex visual processing in normal subjects and 
patients with lateralized temporal lobe lesions could direct further research as well.  Heeding 
Barrs (1997a) call for theoretically-driven research, predictions of the global/local theory of 
visual analysis could be compared with the predictions of alternate theories of visual processing, 
such as the selective attention, spotlight, or circuit breaker theories of vision (e.g., Corbetta, 
Miesin, Dobmeyer, Shulman, & Petersen, 1991; Fink et al., 1996; Vidyasagar, 1999).  Research 
should be extended in the TLE population, as well as in other groups such as those with parietal 
lobe lesions.   
Independent of these investigations, the task remains to identify valid clinical measures for 
evaluation of nonverbal memory in epilepsy, and concomitantly, to develop a better understanding 
of the construct of nonverbal memory and its neuroanatomical substrates.  The ROCF does not 
seem a promising task for the measurement of nonverbal memory, at least in an epilepsy sample, 
given its lack of association with other measures of nonverbal memory and its repeated failure to 
reliably differentiate between R and L TLE groups. 
One of the main goals of the current study was to evaluate the utility of the BQSS scoring 
system for analysis of nonverbal memory performance in an epilepsy sample. An additional finding 
was that a common administration method for the ROCF (pencil-switching) did not significantly 
interfere with performance, even in the subset of the sample that demonstrated deficits in visual 
processing and integration.  However, anecdotally, it was much easier to score the productions 
when a flowchart method was used to record the exact order of pen strokes.  
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Psychometrically, the BQSS was found to have good to excellent interrater reliability on 
most scores, although four scores had to be discarded because of poor interrater agreement.  
There appears to an undesirable level of rater variability for scoring of Cluster Presence and 
Cluster Accuracy in the Copy condition and Cluster Presence in the Delay condition, and follow-
up investigations might explore the root of this rater disagreement.  The BQSS Summary Scores 
did show convergence with a traditional quantitative scoring system (Taylor-Osterrieth); however 
none of the comprehensive scores (BQSS CPA, DPA or Taylor-Osterrieth scores) captured the 
difference between the left and right TLE groups, nor did any of the additional nonverbal memory 
or visuoperceptual tasks.  Instead, the level of analysis that did suggest a difference between 
seizure groups was simply a very permissive determination of whether an element of the ROCF 
design was present or absent (BQSS Copy Configural Presence and Copy Detail Presence).  Thus, 
it would seem, at least in the TLE population, that rapid and meaningful evaluation of an 
individuals ROCF production could be executed by simply counting the number of elements of 
the figure that are represented in the respondents drawing.  Remarkably, this is not a significant 
departure from Reys original scoring system for this task (1941).  The validity of this tallying 
method, and its ability to discriminate between seizure groups, can be easily investigated through 
analysis of retrospective archival data.   
The BQSS has been criticized for requiring significant time to learn and apply the scoring 
system (in this study, approximately 40 minutes per subject), and the BQSS Scoring Booklet is 
somewhat awkward, in that it requires the transfer of several scores from non-contiguous pages 
and the use of raw to standard score conversion tables, increasing the possibility of clerical errors.  
One of the scores of interest in the current investigation (Planning) required the determination of 
haphazardness of drawing, however criteria for making this judgment were not clearly 
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demarcated in the scoring manual, and this is also a weakness of this scoring method.  Altogether, 
the extra time required to calculate the qualitative BQSS scores was not offset by any clinical 
benefit, and therefore, its utility in the evaluation of epilepsy was not demonstrated in the present 
investigation. 
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GROSS ANATOMY OF THE TEMPORAL LOBES 
reproduced from Kolb & Whishaw, 1996 
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APPENDIX C 
SCORING UNITS FOR THE ROCF  
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APPENDIX E 
BRIEF DESCRIPTION OF THE BQSS QUALITATIVE SCORES 
  
adapted from Stern et al., 1999 
 





Measures ability to attend to and process specific elements in the 





General assessment of visuoconstructional skills and 
visuoperceptual ability in the Copy condition and adequacy of 




Measures spatial functioning, judgment of angles, and spatial 
orientation. 
Fragmentation** Measures integration of information (i.e., whether or not the 
individual elements are drawn as whole units. 
Planning** Measures overall planning ability based on the order in which 
elements are drawn, placement on the page, placement within the 
figure, and overall integrity of the production. 
Neatness Rates how neatly the figure was drawn as evidenced by the 
number of wavy lines, gaps and overshoots, cross-outs, rounded 
corners, etc, 
Vertical Expansion Size distortion measured by placed a scoring template over the 
drawing to determine the degree of vertical expansion. 
Horizontal Expansion Size distortion measured by placed a scoring template over the 
drawing to determine the degree of horizontal expansion. 
Reduction Size distortion measured by placed a scoring template over the 
drawing to determine the degree of reduction. 
Rotation Orientation on the page measured by placed a scoring template 
over the drawing to determine the degree of rotation. 
Perseveration** Measures the extent of recognizably inappropriate repetition. May 
take one of two forms: repetition of components within a cluster or 
replication of an element of the figure (Configural, Cluster, or 
Detail). 
Confabulation Rating of additions to the figure. May take one of two forms: an 
intrusion of a previous visuospatial task or a novel addition to the 
figure that is unrelated either to the original figure or to a 
previously administered visuospatial task. 
Asymmetry Categorical rating. Comparison of the distortion and/or lack of 
details on the right and left sides of the figure. 
 ** = BQSS scores considered in the current analysis 
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APPENDIX F 
TAYLOR-OSTERRIETH CRITERIA FOR THE ROCF 
  
adapted from Spreen & Strauss, 1998 
 
Detail 1:  The cross at the upper left corner, outside of the rectangle.  The cross must come down to the 
horizontal midline of the rectangle and must extend above the rectangle.  The line that joins the cross to the 
rectangle must be approximately in the middle of the cross and must come between Detail 7 and the top of 
the rectangle.   
 
Detail 2:  The large rectangle. The horizontal dimensions of the rectangle must not be greater than twice the 
vertical dimensions of the rectangle, not must the rectangle resemble a square.  As there are so many 
possibilities of distorting the rectangle and it is not possible to score for position, a score of one-half is 
given if the rectangle is incomplete or distorted in any way. 
 
Detail 3:  The diagonal cross must touch each of the four corners of the rectangle and intersect in the 
middle of the rectangle.  
 
Detail 4:  The horizontal midline of the rectangle must go clearly across the midpoint of the left side of the 
rectangle to the midpoint at the top of the rectangle in one unbroken line.  
 
Detail 5:  The vertical midline must start at the midpoint of the bottom of the rectangle and go through in 
one unbroken line to the midpoint at the top of the rectangle.  In scoring for position 4,5, and 6, these 
details should intersect at the midpoint at the top o the rectangle.  Usually, if they do not, only one is scored 
as incorrect for position.  Very seldom are all three scored as incorrect for not being in position. 
 
Detail 6:  The small rectangle within the large rectangle and to the left side of it.  The boundaries of Detail 
6 are defined by the top rectangle falling between lines 2 and 3 of the parallel lines that make up Detail 8, 
and the width of the small rectangle must be approximately one-quarter of the width of the large rectangle; 
that is, it should come to the midpoint between the left side of the large rectangle and the vertical midpoint 
of the rectangle.  The cross within Detail 6 must come from the four corners of the rectangle and should 
intersect at the midpoint of the rectangle, i.e. words intersecting Detail 4. 
 
Detail 7:  The straight line above Detail 6 must be shorter than the horizontal aspect of Detail 6 and must 
fall between the top of Detail 6 and the second line of Detail 8. 
 
Detail 8:  The four parallel lines within the rectangle in the upper left corner should be parallel, with the 
spaces between them approximately equal.  If the lines are unduly slanted or, of course, if there are more or 
less than four of them, then the scoring is penalized. 
 
Detail 9:  The triangle above the rectangle on the upper right, with the height less than the base. 
 
Detail 10:  The small vertical line within the rectangle just below Detail 9.  The line should be clearly 
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APPENDIX F- continued 
 
Detail 11:  The circle with three dots must be in the lower right half of the upper right quadrangle.  It must 
not touch any of the three sides of the triangular area in which it is placed and the positioning of the dots 
should also be so that there are two above and one below, so that it resembles a face. 
 
Detail 12:  The five parallel lines that are crossing the lower right aspect of Detail 3 must all be within the 
lower right quadrangle.  They must not touch any sides of the quadrangle, and they should be 
approximately equidistant from one another. 
 
Detail 13:  The triangle on the right end of the large rectangle.  The height of the triangle must not be 
greater than half of the horizontal midline of the rectangle and, as already mentioned, the slope of the sides 
of the triangle must not be a continuation of the slope of Detail 9. 
 
Detail 14:  The diamond attached to the end of Detail 13 should be diamond-shaped and must be attached 
to the end of Detail 13; it must not extend down below the bottom of the large rectangle, Detail 2. 
 
Detail 15:  The vertical line within triangle 13 must be parallel to the right vertical of Detail 2, the large 
rectangle, and it must be shifted to the left within Detail 13. 
 
Detail 16:  The horizontal line within 13, which is a continuation of Detail 4 to the right, must come from 
the midpoint of the right side of the large rectangle and extend to the top of triangle 13.  If triangle 13 is 
slightly askew, or if Detail 4 does not meet the midpoint of the right side of the rectangle, Detail 16 should 
still be scored as a full two points if it went to the top of the triangle from the midpoint of the right side of 
the rectangle. 
 
Detail 17:  The cross attached to the lower center area of the rectangle.  The right side of the cross must be 
clearly longer than the left side of the cross but must not extend beyond the right end of the large rectangle.  
It should also at its left end commence at the midpoint of the right side of the square, which is Detail 18. 
 
Detail 18:  On the lower left corner of Detail 2, must clearly be a square as opposed to a rectangular shape 
of Detail 6, and its sides should be the same size as the vertical aspect of Detail 6, extending half way 
between the left side of the rectangle and the vertical midline of the rectangle.     
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